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I.  lilt  rcuilu:  t ion 

riiis  report  comprLsos  hriof  summaries  of  materials  research  projects 
at  tlie  University  of  Nortli  Carolina  at  Chapel  Hill  for  the  year  ending 
Jl  May  1977.  It  is  submitted  to  the  Materials  Research  Laboratory  Section 
of  the  National  Science  Foundation,  Crant  DMR  7203024.  It  also  includes 
descriptions  of  materials  research  supported  by  other  agencies,  including 
the  following  agencies  of  tlie  United  States  Covernment. 

Army  Ri'searcli  Office 

National  Aeronautics  and  Space  Administration 
National  Institute  of  Healtli 

U.  S.  Fnergy  Research  and  Development  Administration 
Office  of  Naval  Research 

The  following  p.iges  contain  brief  reports  of  progress  in  the  various 
research  programs.  In  cases  wliere  work  has  reached  the  publication  stage, 
the  abstract  is  oftmi  iiuoted.  The  summaries  are  arranged  alphabetically 
by  tlie  name  of  tlie  principal  investigator,  as  it  is  felt  that  this  is  the 
most  probable  way  in  which  the  report  would  be  consulted.  The  reader 
should  note,  howeviT,’  that  Materials  Research  at  Carolina  ^las  been  espe- 
cially encouraged  in  three  unified  areas.  C'.'.nii'alLj  '■lo.i.ij'it.-.:  Sio'fajcs 
are  being  ileveloped  by  tlifferent  routes  but  in  a collaborative  way  by 
Professors  Richard  C.  Jarnagin,  Thomas  .1.  Meyer,  Earl  N.  Mitchell, 

Royce  W.  Murray  and  David  C.  Whitten.  Professors  William  E.  Hatfield, 
Derek  .1.  Hodgson,  and  Thomas  .1.  Meyer  are  concerned  with  f’lohJculur  Desijn, 
,•■!  i-.  'iiur.i-:  r.u'ion  of  llijn  Con.iu  ‘tioit,!  y,atci‘‘alo.  Defeats  %yi 

lonii-  engage  the  attention  of  Professors  Richard  P.  Buck,  Sang-il 

r 

Choi,  .lames  11.  Crawford,  David  E.  Dunn,  .lohn  P.  Ilernande7.,  .1.  Ross 
Macdonald,  .liulith  li.  Moody,  Dietrich  Schroeer,  and  Lawrence  M.  Slifkin. 

This  report  was  prepared  by  the  Materials  Research  Center  of  the  Uni- 
versity which  oiierati’s  the  core  program  of  materials  research.  The  Center 
is  administered  by  ;in  Exeuct ive  Committee  which  consists  of  the  follow- 


ing members; 


t Charles  S.  Smith,  .Ir.,  Director 

I I).  E.  Dunn,  Professor  of  Geology 

I W.  E.  Hatfield,  Professor  of  Chemistry 

I I.  R.  Macdon.ald,  Professor  of  Physics 

T.  .1.  Meyer,  Professor  of  Chemistry 
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Nen^lior:  Uirliard  i'.  Iku-k 

Professor  of  Cdiomistry 


Cl r.id iia to  s : I) . f. . 

D.i: . 
c.i:. 

f .K. 

I ■■ . S . 

II  .S  . 

K.K. 

K . 1C . 

Otlior  SiipiH'rl  i 111',  Aj_o'iU'v  : 
Pub  1 i ra L ions  : 


Hacklcmaii  (MKL-N'SF) 

Mathis  (MRI.-NSn 

koclis  to  i nor 

Druml ovo 

Stovo  r 

Co  1 d 

Kiiodos 

Wa 1 1 o rs 

National  So i onco  Foundation 


li.S.  Cold,  C.F,.  Koohs  t o i lU'r , and  R.P.  Buck,  "tionora  1 ized  Spectral 
Dooonipos  i t ion  Method  Ap|iliod  to  Infrared,  I'l  t raviolot , and  Atomic  Kmission 
Spi'C  t roscoji  v" , Anal,  (lioin.,  48,  1540  (107(i). 


D.K.  Mathis  and  K . P . Buck,  "A  llii;li  Spi'oil  Cross  Correlator  for  Broad 
Band  Impeilanoe  Mens  u ronieii  t s " , Anal.  Chom.,  48,  2033  (1976). 


I\ . P . Buck,  1).F.  Mathis,  ,intl  K.K.  Rhodes,  "impedance  Measurements  on 
Purified  Silver  Chloride  Crystals",  J.  Klectroanal.  Chem.  Interfacial 
F,  1 ec  t roc  hem  . , acceiited  for  publication. 


C . F. . Ri'chste  i nor . O.F.  Mathis,  H.M.  Bursey,  and  R.P.  Buck,  "Novel 
Inexpensive  Oevici'  for  the  Flee t rochemi cal  Ceneration  of  Metallic 
F.mitters  for  Field  Oesorptioii",  Biomed.  Mass  Spectrom.,  52  (1977). 

R.P.  Buck,  " 'n'-i'ype  Non-Ideality  Apiilicd  to  Acid  Errors  of  Class 
Membrane  FK'ctrodes",  ,1  . F.  1 ec  t roana  1 . Chem.  Interfacial  El  ec  t rochem . , 
accepted  for  publication. 
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Summary  of  Ki’si'aj'ch  Act  i v i t i es  : 

(1)  Impedance'  and  Time  Const.ants  of  Silver  Halide  Single  Crystals  and 
Pressed  PelU'ts  (NSF  ,NSF-NR1.) 

Impedance  measurements  are  made  on  purified,  vacancy  doped  and 
interstitial  doped  silver  bromide'  crystals  of  thicknesses  from  0.061  cm 
to  0.260  e-m  using,  constant  ionic  strength  solution  contacts  at  temperatures 
1 rom  2()"C  to  35°C.  Re'sults  characterize  the  macroscopic  transport  properties 
from  1I6KIIZ  to  0.01  11/  and  at  d.c.  In  all  cases  the  high  frequency  limit 


3 


ros  i;;t  ivc  i-ominiiU'n  I of  l.lu’  i mpedanci' , is  to  the  d.c.  resistance 

K . This  lesull  indicates  rapid  ion  exchanp,e  at  the  surfices  and  neither 
Warhur^  ililtiisioii  nor  surface  k i ne  t i c- I i mi  t a t i on  of  trans|>ort.  As  expected 
R,,  is  a runclLon  of  char)’,e  carrier  concentration,  whicli  depends  on  extrinsic 
dopant  coni'eii  t ra  t i on  over  the  temperature  range  measured.  for  pure  crystals 
the  resistance,  R , is  I inearlv  ilepemlent  on  crvstal  thickness,  d,  while 
Lhii'kiU's:;  correlation  could  not  lu'  tested  for  the  dopeii  crystals  as  di'i’ant 
U'vel  wa:;  not  uniform.  The  geomidric  c.apac  i tance  for  all  crystals,  ('  , is 

_ I ^ 

lineal  vi;  i t h . TIu'  dimensionless  dielectric  constant,  <,  calculated  from 
C aiul  crvstal  tl  i imais  ions , is  13.9  + 0.7.  The  electric  relaxation  time. 


I , , del  iued  as  the  iiroduct  R C , at  2f)°C  is  found  to  be  30  + 3 iisec  for 

pure  crystals,  I to  4 psec  tor  the  Cd“  doped  crystals  and  12  to  66  usee 
>_ 

lor  the  .S'  ilopcil  ctyst.ils.  Ti'iiiperaturi'  dependence  of  R,„  allows  determina- 

2+ 

t ion  ol  crvst.il  transport  activation  I'nergies.  For  pure  and  Cd  doped 

> _ 

crystals  i v.iluc  ol  0.  i3  + 0.02  eV  is  fi'und.  For  the  doped  crystals 

v.ilues  I roMi  O.iH  to  0,28  eV  are  fi'und . The  |iarameter  a,  in  the  non-  ideal 
OoU'-Oole  re  pres  ell  t a t i on  of  ini|)edance  plane  arcs,  is  0.96  + 0.01  for 
purilied  cr'.'stals,  0.93  + 0.03  for  Od'"*"  doped,  and  0.92  + 0.02  for  S'" 

doped  c rvs  t a I s . 


(2)  Ifri'.ul  H.ind  Impedance  Measurements  of  l.iquid  Membrane  fells  (NSF-MRL, 
N.SFl 


S i )’,n  i I icani  i iiijiro  vement  in  tin.'  hand  pass  of  d.c.  coupled  lock-in  detec- 
tors iisi'd  for  ))hase-sens  i t i ve  ini|)edance  measurements  has  been  achieved 
throug.h  the  usi'  of  state  of  the  art  CMOS  analog  gate-integrated  circuits. 

Instrumentation  i nco  r|io  ra  t i ng  an  improved  detector  measures  AC  cell  admit- 

-I  2 11 

tance  I rom  10  II/,  to  1 MHz  over  an  impedance  range  from  10  ohms  to  10 

ohms  (the  Litter  limit  bi'ing  attained  only  at  lower  frequencies)  thereby 

eliminating,  the  need  for  si'veral  instruments  ti'  span  this  f reqtiency  range. 

Accuracy  of  the  lU'W  instrument  above  lOOKIlz  was  demonstrated  by  measuring 

a simple  RC  circuit  and  comparing  the  results  to  those  obtained  from  a 

commercial  RF  bridg.e.  An  illustrative  application  requiring  the  full 

frequency  range  is  the  kinetic  characterization  of  support  materials  for 

1 iqiiid  mc'iiibranes  . 


■ 
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Till'  SI' 1 I -Iki  I .me  i a;',  w i dc-baad  iinpfdanci?  bridge  discussed  above  has 
been  a|>plii’d  to  I lie  sLudy  of  tlie  electrical  properties  of  a liquid  ion 
I'xchangi'r  . The  A1  i i;  ua  t - i'lbb-n  i t ra  t e (a  quaternary  ammonium  salt)/nitro- 
beuzene  ion  exebany.i' i'  used  in  nitrati'  selective  electrodes  was  studied 
to  elucidate  i!u'  mechan i st  ics  of  transport  in  these  electrodes.  Bulk 
resistanei's  and  I'.eometric  capacitances  were  measured  as  a function  of 
frequenev  tor  varvins’,  temperatures  and  I'xchanger  ion  con  con  t rat  ions 
I'liabliii)',  the  calculation  of  the  following  parami’ tors  ; (the  transport 

activation  barrier),  (the  ion  pair  formation  constant),  € (the  bulk 
dielectric  constant)  and  AC,  All  and  AS  for  ion  pair  formation.  The 
inlluence  ot  trace  amounts  of  Vii.iter  in  the  liquid  exchanger  phase  on  these 
t'arameters  lias  been  i n ves t i j',;i ted  and  was  shown  to  decrease  e but  not 
affect  transport  activation  barriers.  In  addition,  incorporat ion  of  the 
ion  exchani'.er  into  polviiierii'  matrices  such  as  I’VC  has  no  measurable 
effect  on  the  transport  properties  and  it  was  demonstrated  that  such 
electroih'  iiK'mbrane  sup|>orts  act  larg.elv  as  a matrix  for  voids  which 
I'ontain  the  exchanr.er.  This  work  is  current  Iv  in  the  final  stages  and 
will  bi'  written  up  and  submitted  for  publication  short  Iv. 

(3)  Ion  SeU'ctive  field  Effect  Transistors  (NSF) 

I'hrongh  vacuum  depi'sition  of  100  nm  layers  of  AgBr  on  thin  silicon 
dioxide  films  (5  nm  - 1.3  urn)  prepared  on  silicon  substrates  through 
Iherm.il  oxidization,  a "sandwi  i"  Si|siO^!AgBr  ion-sensitive  electrode 
has  been  p repa  red  . 


3'he  .an  ilv.-'i  ot  .>\er  _’!>('  p ri'pa  ra  t i ons  of  these  devii'os  has  shown  them  to 
l>rovide  stable,  rap  i <1 -response  luuetu  iomelr  ic  relationships  for  component 
ion  activities  in  a<|ueous  solutions,  referenced  to  a saturated  calomel 


L 


e 1 ec  t rode . 


l.inii 
.mil  i’vti.'r 
(lie  III  I'l 
Lioiu;  ol 
of  I'loU'nl 
d ill L 


Till'  e 
Si'  I I'l- 1 i ve 


6 5 4 3 2 1 0 

~ loQ  a 

tin>’  hij’.li  d.i’.  i n]|)edaiu'fs  , I rom  ini|ied;mci''-f  roquonri’  ri'S[ionses  , 
u.i  I i-h.i  rq.i'-.U't  i vi  Lv  measuromonts  . indicate  a displacement  current 
I i‘i  t ) as  till'  probable  cause  of  e 1 ec  t roi'hemi  ca  1 responsi' . Implica 
the  Mie.-h.inism  (invoking  Volta  potential  arguments)  on  the  process 
iai  j',ene  ra  t ion  and  lUHi-ntial  communication  shall  be  nitnlvzed 
icallv  and  1 heo re  I i e a 1 1 v . For  the  cell: 

(If  ft.)  (right) 

Cu  I re  f prone o ! roq  t Sn  Ui i on  } AgBr|  SiO^  j Si  i Cu 

AV  = ; 

S i , Ag  , . . , . , 

-“e  " % ^ -Ag|Ac,^'  ^ ' •'‘•Vef’ 

'^Ag|Ag*  'Ag  Ag'  T'” 


r itih* 


xtension  of  these  [irinciples  to  devices  of  the  form  (Ion 
field  I'.lfeel  Transistors) 


insoluble  coating 

A 

I 

/ 

metal 

AijBr  I 

- 

SiOp 

A / ~ 

\ P-Si 

/ 

n-Si 


K'ads  to  a eurrint 


ri'sponse 


y->  t;  t I , , i ,’Ji  M 1 1 rw.  1 1 . 1 , 


( i n tiu-  unsn  I ur.i  ted 


i 


li'r  I'l'nsl.ml  V^.  ( t'xLi.' nt.i  i and  (d ra  i n-sournt.'  \'ollaf;c).  T'u‘ 

thri'shnUI  tiouiUial,  +,  nncossarv  Lo  initiate  channel  cnnduction  is 

a 1 1 e rah  1 1.'  hv  ehanr.in!’  V , lienee  tlie  threshold  concentration  of  coninoneiit 
ion  lU'i'ossa  rv  in  solution  to  initiate  conduction  in  the  ISFKT  is  extei — 
na 1 I V a 1 1 e rah  1 e . 

Bv  chanj'.in;;  tin.’  select  ivi'  mati'rial  deposited  on  the  SiO,  , most 
i-urrentiv  available  ion  selective  L'lectrodes  can  be  made  both  less  perturh- 
inp,  to  the  observed  system  and  extremi’ly  small  in  size.  Present  technology 
allows  for  the  mannfac'ture  of  these  devices  on  the  order  of  tens  of  microns 
in  diaiiK’ti’r.  flu-  rapid  res|u'nse,  due  to  their  operation  bv  a field  effect, 
ci'iiibined  with  small  physical  size  aiul  less  perturbation,  leads  tii  a raicro- 
e 1 1'l't  nule  alternative  to  i-iirriuit  practices. 

(4)  Niiise  .\nalysis  ol  1. 1 ec  t roc  hemi  ca  1 Systems  (N'Sl-MRl,,  NSF) 

i'lu'  electronic  mi'asurement  system  fiir  cha  rac  t e r i z i n g the  frequency 
spi-ctrum  ol  i' I ec  t rochemi  i-a  1 noise  has  beini  modified  by  the  additiem  of 
ini|)eilance  con vi' r t i n jt  voltage  follower  amplifiiM's  at  the  input  ot  the 
.svstiTii  thi'ough  the  use  (if  batli'ry  power.  This  was  necessary  in  order  to 
renu'W  the  damping  (.'ffect  of  the  co.ixi.il  cables  attached  to  the  experimental 
cell.  Initial  studies  of  resistor  noise  his  left  several  questions  unans- 
weia'd,  as  the  tibsi’ rv.it  i ons  .iiid  theory  of  expi-cti-'d  results  do  not  yet  ciirres- 
pond  well.  Th(.'or(,’t  i ca  1 analvsis  of  t iu-se  jiroblems  is  ('iie  are.a  of  main 
i lit  (.'rest  . 

The  iiKidific.it  ion  ot  softw.iri'  in  oriler  to  a 1 1 mv  the  system  to  record 
dat.i  se(|  ni'iit  i .1 1 1 y on  ni.ignet  i (’  t.ipe,  and  to  ,i  I 1 (iw  Ft'KTlvW  t(i  utilize  the 
magnetic  t.i(ies  on  the  in-house  R.iytlu'on  70(i  computer  has  provided  a systi'm 
which  is  as  fast  in  d.ii.i  handling  capabilities  as  the  IBM  .UiO  system  pi'i.’- 
viously  used  for  t lu'  correlation  analysis.  C.ompar  i S(in  of  FFT  and  standard 
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I'ouru'i'  trauslorm  Ua- Un  i <i  Ufs  Ls  ii>  (iroj'.ross,  with  tin.’  furn.-nu  feeling 
ih.il  tile  il'T  iiKiy  provide  litss  i a rorma  t Lon  than  the  standard  Fourier 
analvsis  do.'  to  the  liinarv  nature  of  its  operation. 

The  evins  t rue  t i on  of  a water- jaeketed  eel  1 housing  and  ttssociated 
I’ompoiH'n  ts  lias  been  eoni|>leted,  and  with  the  system  now  functional,  it  is 
I'xpeeied  that  e\|ier  i nkaU  .1 1 results  on  actual  elu-niical  systems  are  in  order. 
The  necess  i l V ol  diT  e rn:  i n i n)\  (.'xaetly  what  the  system  response  is  withotit 
a ehi'Liic.il  .A'sti'ni  included  is  not  to  he  overlooked,  and  this  study  is 
curri.'ntly  in  prop.ress. 

( ') ) tiiimputi'r  ireatnient  of  Spent  roscop  ii-  Da  t .a  (NSF) 

A S'.ene  ra  1 i /.ed  algorithm  for  svmmetric  and  asvTnmelric  Faussian  deconvo- 
lution of  spectral  data  is  presented.  (Quantitative  and  (lualitative  applica- 
tions in  infrared,  ultraviolet,  and  atomic  emissiiin  spectroscopy  are  out- 
lined in  ti'fms  of  general  utility.  The  limitations  and  scoi'e  of  curve 
fittinp,  in  j'.eneral,  and  with  rej'.ard  to  tin'  current  alc.c'ri  thm,  are  considered. 
For  freiiuiMitlv  encountered  situations,  use  of  Gaussian  and  hi-Gaussian 
parameters  is  shown  to  result  in  sufficient  comput a t i ona 1 .iccuraey.  For 
till-'  first  time,  comput  e ri  Zeal  decon  vo  1 u t i on  is  usei.1  to  improve  the  apptirent 
resolution  in  atomic  spec  t rosco|)y  . Oeconvo  1 ut  i on  of  wc'ak  interligand 
transfer  hands  in  near  infrare'd  spectra  ei  f ruthenium  dimers  is  reported. 

Flei't  ionic  spectra  of  a series  c' 1 ruthenium  his-  bipy  complexes  have  bi'en 
doconvoluled  and  interpreted. 

(b)  big.ital  Simulation  of  i,i<|uid  Ion- F.xchange  Membranes  (NSF) 

kesults  of  dij'.ital  simulation  of  partially  associated  liejuid  ion- 
exchang.i'  nu'mbranes  with  varving  site  mobility  are  presented.  The  membrane 
is  assniiK'd  to  be  ideally  pe rmsi' 1 ec t i ve  and  ci'mpletely  electroneutral. 

The  bathin;’,  solutions  correspond  to  the  hiionic  case  with  one  complexing 
and  one  non -comp  I e xi  njt  I'oun  1 1' r i on  . Selectivity  toward  the  associated 
ci'itn  t e r i (in  , as  <-<'mpuiecl  from  biionic  potentials,  is  compared  with  changes 
in  the  site  anil  comp  I ex  mobility.  I'lu'  decrease  in  the  selectiviti  with 
dec  real  1 ii)-,  sill  mobility  is  found  to  .arise  from  ch.inges  in  botli  interfacial 
• ind  dilfusioual  potent  iai  components.  Fxami na t i on  of  concent  rat  ion  profiles 
and  inlern.il  e 1 1'c  t r i c I ield  strengths  leads  to  descript  ions  of  the  process 
by  which  the  selectivity  is  altered. 


Sang- i I Choi 
I’roTossor  of  I’liysios 
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Assoc  late : 

W. 

M.  I.ee  (NSF) 
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Stiuli'iU  : 
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N.  Sonnichsen  (MRL-NSF) 

l)o^rc*L*s  ( 

Iran  ted;  W. 

M. 

Fee,  I’h.l).  (Clu’iii  1st  ry ) 

r.  I'akoiu-hi,  I’ii.l).  (MKI-NSF) 


0 1 1 1 1' J_S  u j)jn ) r 1,  i A^yo  i u '_y : N S F 

Syinuiiary  ol  Ki'Ho.iry-_h_  AcJ._i_v  ij^los  : 

(1)  SupiTionic  Coiuliu- 1 or , RliAg,!^;  I'iSF,  MKI-NSF 
T . I'akoiu' h i and  S . Clio  i 

In  ordi'f  to  iiiulorsl  aiul  llu'  iIvnamLcs  of  tiio  oaLion  Ag  in  RbAg,l., 
v^^o  ca  Iru  I a t I'd  1 lu'  potonLial  onorgy  ourvos  of  a Ag  ion  along  the  patlis 
I'omu'i' t i 11)’,  1 ho  (■  rvst  a 1 1 o)’,iM|ili  i oa  1 1 V non-oiiu  i va  1 onC  Ag"*"  sites.  The 
orvstal  slnutiiri'  hy  S.  Ci’IIlt  was  used  and  the  energy  terms  inoluded 
wi’fo  F.wa  hi  ooulomh  I’lU'rgv,  Born-Mavei'  repulsive  energy,  and  polari- 
:'.,il  ion  enerj'.v.  in  total  IJS  unit  eel  Is  wi're  i-onsidered  and  Kb  and 
I ions  were  assumed  to  I orm  rigid  latt  iees.  It  was  found  that  tlie 
most  [iroliahle  paths  lor  Ai;^  ion  elitiusiou  are  along  the  path  connect- 
in);  Ag(l')  and  A)',  (II)  and  .ilong  t lu’  path  eonneet  ing  Ag(II)  and  Ag(lll). 
it  was  also  I omul  tlial  the  smallest  eiu’tp'.v  harrier  is  about  0.1  eV , 
which  is  very  close  to  tin.'  v a liu’  expo  r irii’iit  a 1 1 v obtained  by  C-.  C.. 
Bentle.  llsii))',  the  i’uer)’,v  i-urvi’s,  vibrational  freipiencies  were  esti- 
mated and  found  to  lu’  in  reasonable  .i)trei’ment  with  Raman  frequencies 
reporteil  bv  others.  This  work  was  reiiorted  at  the  Al’S-U'ash  ington 
mee  t i ii);  (19  7 7). 

(.!)  Adsorpt  ion  and  I ransiiort  ol  Ions  mi  -Alumina  Surfaces;  NSF, 

MR  I,- NS  F 

W.  M.  I.ee  and  S.  Choi 

Although  a cons  idr’rab  1 e pro);ress  in  understaiui  ing  of  large  ionic 
conductivity  in  lu't  a-a  1 urn  i na  singli’  crvst.ils  has  been  made,  adsorp- 
tion and  transport  of  ions  on  crystal  surfaces  has  not  received  much 
attention.  For  t lu-  |)urposi’  of  underst  and  in);  such  surface  pehnomena, 
potential  energy  of  ions  at  some  s i t t’s  ,ind  aloii);  lines  connecting 
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^;lll■ll  siti's  I'll  lu'l  a-a  I uiii  iua  crystal  snilaics  arc  ca  1 ru  1 at  c<.l . TIk' 
calrulation  is  strictly  classical  and  includes  t'oulomb  poLciUial 
i>ni'r>;y,  polarization  ener>;y  and  repulsive  energy.  This  work  is 
still  in  progress.  I’arLiai  results  were  reported  at  the  APS- 
S/ui  Diego  meet  in/;  ( 1977), 

(1)  Mi.\i’d  Cation  , -Aluminas;  MSF-MRL-NSF 
J.  t;.  Wan/;,  D.  F.  Picket,  and  S.  Choi 

A calculation  method  similttr  to  the  one  used  by  us  for  "pore" 

r'-aluminas  h;is  been  applied  to  study  the  effects  of  K and  doubly 

"’+  2+ 

idi.irged  impurities  siu-h  as  Sr  and  Zn  on  the  iimic  conduction 
in  Na  beta-alumina.  It  is  shown  that  all  these  ions  prefer  to 
oi-cupv  Beevers-Ross  sites  alone,  and  tite  conductivities  are  ex- 
piH'ted  to  be  lower  than  that  of  the  pure  material  in  all  these  cases. 
The  extra  I'nerj’.y  needed  for  a ion  to  form  a pair  with  a Na"*"  ion, 

insteatl  t>f  being  aloiu',  is  about  0.09  eV . The  case  of  a Rn  impurity 
in  K beta-alumina  is  also  analyzed.  This  work  was  re[)orted  at  the 
APS-San  Diego  meeting  (1977). 


Mfiiiht'r : .I,iiir>s  II.  ('.rawl  ortl , ,J  r . 

l’rofes.sor  of  I’liysli's  .ind  Chiiirman 

l^e  s_i\  u"  c 1 1 Aj^oy  i a U-  s : Q . Kim 

K.  11.  Loo  (MRL-NSK) 

Lraduatj.'  S L nJoiit ,s  : F.  .1.  .lamos  (MRL-NSF) 

C.  S.  WhiLo  (MRI-NSF) 

II.  BorKoi- 
l).  Eisoiiborg 

L.  I'i.  Matt  hows 

Jk'ifroL’^;^  Lnuilod:  il.  Borj’or,  M.S. 

F.  .1.  Jamos,  M.S. 
c;.  K.  Matt  hows,  I’h.l). 

Otiior  Supporting  A)»onoio.s:  FRDA  ami  Univorsity  Rosoarcli  Council 

I’ub  l ioat  uvns  : 

M.  Ikoya  ami  .1.  11.  Crawford,  Jr.,  "Rocombination  l.umin'^scence  in 
Alkali  Haliili’s  Dopod  witli  MonovaloiU  Cations,  (V,  + o)  ,•  Typo 
Emission,"  I’liys.  Stat.  Sol.  (b)  , 7^),  5S9  (1977).^ 

C.  E.  Matthews,  Jr.  aiul  J.  ii.  Crawford,  Jr.,  " I on  io-Thormocnr  ren  t 
Study  ot  t ho  lUpolo  RoLaxation  .ind  E<iuilibrinm  in  Cd-Dopod  SrF.,," 
I’liys'.  Rov.  Iil5,  I'i  (1977). 

J.  II.  Crawford,  Jr.  aiul  (L  E.  Mattliows,  Jr.,  "Equilibrium  between 
Typo  I and  I'ypo  II  M^*'-F.  Comploxos  in  Alkaline  Earth  Fluorides," 
Acoi*ptod  for  [>ublicat  ion  in  J.  do  I’hysiquo,  Colloquo  C7  , 1977  . 

J.  M.  Crawfortl,  Jr.  and  C.  E.  Matthews,  Jr.,  "A  Defect  Model  to 
At-count  for  Non-l.ocaily  Compensated  Trivalent  Rare  Earth  ions  in 
Fluorite  Crystals,"  Accepted  for  publication  in  J.  Semiconductors 
and  Insulators,  Vo  I . I,  1977. 

K.  II.  Leo,  C.  K.  Ilolmborq  and  J.  H.  Crawford,  Jr.,  "Optical  and 
ESR  Stuilii’s  of  Mole  t'.ontors  in  ^-Irradiated  Al.,0  ,"  Phys.  Stat. 

Sol.  (a)  _.)9,  bb9  (1977).  “ ^ 

K.  II.  Leo  and  J.  H.  Crawforil,  Jr.,  "Electron  tauiters  in  SinRle- 
Crystal  Al.,Oj,"  Phys.  Rov.  BIS,  4()(i5  (1977). 

Summary  of  Rosea rch  A^t  iv_i_t  i_c^s; 

(1)  The  Structure  and  Stability  of  Impurity-Defect  Complexes  in 
Alkaline  Earth  Fluoriiles;  DSERDA. 

1 

A.  fi.  E.  Mattlu'ws,  Jr.;  Configurations  of  Dipoles  in  SrF,:Cd 
From  the  .tssiimi>tion  that  equilibration  between  nearest  (Type  1) 
and  next -lie ighbor  ( Type  II)  M *^-F  ilipoles  occurs  without  loss  of 
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t!u>  total  iiuinbor  ot  dipoles,  the  ratio  of  dipole  moments  can  be 

ca  I cn  la  t I'd.  It  was  found  tliat  the  ratio  of  Type  11  to  Type  1 

moments  is  2.4  as  compared  to  1.7'3  expected  from  the  unrelaxed 

point  ion  configuration.  This  ratio  has  recently  been  confirmed 

by  Sherstkov  and  co-workers  [Soviet  Piiysics,  Solid  State  1^,  1526 

(1977)]  using  field  perturbed  KSR  metliods.  It  was  also  found  that 

3+ 

tlu-  TyP*-’  dipole  stability  increases  with  increasing  M ionic 
radius  in  agreement  with  tlie  prediction  and  ESR  evidence  of  Brown 
e_L  ^1_.  [d.  Chem.  Phys.  891  (1969)].  Finally,  a careful  examina- 

tion of  the  ratio  of  area  under  the  thermal  depolarization  (ITC) 
peak,  for  Type  I dipoles  in  CaF.,  to  that  for  the  peak  previously 
tliouglit  to  be  Type  II  as  a function  of  equilibration  temperature 
reveals  that  these  peaks  are  not  in  thermal  equilibrium  with  each 
other.  Also  the  ratio  of  their  areas  is  not  systematically  in- 
fluenced by  the  ionic  radii  of  the  as  was  found  for  SrF.^.  These 

facts  togetlier  with  tlie  observation  that  the  area  under  the  so- 
called  Type  11  peak  in  CaF.^  increases  greater  than  linearly  witlt 
M concentration  all  Indicate  that  in  CaF , it  is  not  associated 
witii  a next-nearest  M^^-F.  dipole  but  rather  witli  some  more  com- 
plex ili()olar  cluster. 

B.  11.  Berger,  Q.  Kim,  G.  E.  Matthews;  Destruction  of  Defects 

in  CaF,,:M^^  and  CaF.^:M^^  Doped  with  H . 

“4  137 

Exposure  to  , -radiation  in  a 10  Gi  Cs  source  is  observed 

to  change  the  concentration  of  a variety  of  dipoles  in  CaF2:M^"*'. 

3'he  Type  1 relaxation  peak  first  increases  in  area  and  then  slowly 

3+ 

dec lines  as  would  be  expected  as  isolated  M first  capture  mobile 

l(-ceiiters  to  form  M^^-F.  dipoles  and  subsequently  as  M^^-F . 

- ' 3+  ^ 

dipv'les  capture  F vacancies  to  form  isolated  M . The  defects  re- 
sponsible for  the  so-called  Type  II  peak  are  more  strongly  affected 
by  irradiation  and  the  initial  concentration  is  restored  only  upon 
annealing  above  160K.  In  crystals  doped  with  botli  and  11  two 

effects  an-  observed. 

(a)  The  complex  analogous  to  the  Type  I dipole  decreases 

drastically  with  irradiation  which  supports  the  view  tiiat  the 
M^^-li,  captures  an  F vacancy  created  by  the  irradiation  to  form 
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.1  M coini)lc'X  with  symmetry.  This  Jerect  has  been  detected 

In'  inlra-red  spectroscopy. 

(b)  the  dipole  concentration  also  decreases  and  at  a rate 

miicli  )',rt'ater  than  oliserved  in  tlie  crystals  not  containing  H . 

A>;ain  this  is  due  to  the  copious  supply  of  F vacancies  produced 
1)V  the  act  ioti  of  radiation  on  tlie  substitutional  H to  1 orm  vacan- 
cies aiiil  inler.stitial  11  atoms  or  II,,  molecules. 

( ’)  Kad  i It  iiin  hamaite,  Defi'Cts  and  Defec  L- Impur  i ty  Complexes  in 

Kelractotv  tlxides,  MRI.-MSF  and  IIRC. 

A.  K.  II.  Tee:  Recombination  huminescence  in  X- Ir rad iated 

M.i’.i). 

I xposure  ol  Mgi)  to  x-ravs  at  90K  produces  two  luminescence  bands, 
one  It  ).l  eV  aiitl  one  at  1.1  I'V.  I’reirrad  iat  ion  at  room  temperature, 
such  as  to  di'veloi)  the  V-band  absorption,  strongly  enhances  the 
).l  I'V  emission  at  ‘H)K.  The  enhancement  decays  upon  standing  at 
ii>om  t I'lnpiTat  lire  in  at  least  two  stages  and  the  first  stage  has  a 
halt-lite  comparable  to  that  of  the  center  at  room  temperature. 

I nt  roduc  i ni;  deep  electron  tra|)[)ing  centers  by  either  impurity  addi- 
tion or  di' f o rma t i on  strongly  attenuates  the  5.1  eV  emission.  These 
re^;ults  are  consistent  with  emission  resulting  from  electron  capture 
at  holes  on  V-type  centers,  i.e.  0 + e recombination. 

11.  k.  11.  la'e  .uul  F.  .1.  James:  Klectron  Centers  in  A1,0^. 

Stialies  havi'  beer,  made  of  the  thermal  stability  and  optical 
bleaching,  of  absorption  bands  in  Al,,0.j  produced  by  fast  neutron 
bombardment  in  the  NCSII  reactor.  Irrailiation  into  the  b.l  oV  band 
causes  it  to  ilet^rease  in  amplitude  and  enhances  the  naiids  at  5.4, 

4.8  ami  4.1  eV.  Excitation  into  these  latter  bands  causes  bleaching 
of  them  and  growth  of  the  b.l  eV  band.  Polarization  of  emission  at 
1.75  eV  induced  by  4.8  eV  excitation  is  consistent  with  the  assign- 
ment of  the  4.8  eV  band  to  the  F^  center  and  other  evidence  supports 
assignment  of  the  b.l  eV  band  to  the  F center. 

C.  C.  S.  White,  W.  1).  Key,  and  K.  H.  fee:  Thermal  Stimulated 

Conductivity  in  Al.,0.,  and  MgAl  ,0,  . 

' 137 

Exposure  of  Al.,0.j  and  MgAl^O^  to  Cs  ,-rays  results  in  ISC  peaks 
at  several  t empi-ratures.  In  inioxldized  crystals  of  MgO  two  peaks  are 
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observed  at  130°(;  and  214°C,  where  as  oxidized  crystals  (1200°C 

for  several  hours  iu  air)  exliibit  four  peaks  (]12°C,  130°C,  158“C 

and  214°C).  Previous  work  in  this  laboratory  has  associated  these 

peaks  with  V , V and  centers.  Quantitative  correlation  of  the 

absorption  amplitudes  of  the  V-type  bands  with  the  conductivity  has 

led  to  the  determination  of  the  lower  limit  of  hole  mobility  in 
- 3 2 

Al.jO  j'.  10  cm^/volt  sec.  MrAI  ,0^  exhibits  similar  TSC  beliavior 

and  a very  strong  TSC  peak  at  70°C  overlaps  room  temperature  produc- 
ing a long-lived  room  temperature  radio-conductivity. 

1).  K.  II.  lee:  Irradiation  of  Ca  hoped  MgO. 

Cal  Hum  enters  the  MgO  lattice  subs t itu t ional 1 y in  the  trivalent 

state.  exposure  to  |-rays  produces  absorption  bands  at  4.15  eV  and 

3.32  eV  and  also  results  in  a new  paramagnetic  defect  as  revealed  by 

2+ 

hSK.  file  liSR  signal  arises  from  a Ga  in  an  octahedral  site.  Op- 
tical and  thermal  bleaching  indicate  that  the  3.3  eV  band  is  asso- 

2+  1+ 
ciati’d  with  Ga  and  the  4.15  eV  band  is  due  to  the  Ga  whicii  have 

been  ri’dueeil  by  the  radiation  field. 
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I’ub  I i ca  t i on.s  : 


I,.  W.  1,1'wis  aiicl  I).  i-'..  Dunn,  t of  Ac|uoc>iis  Sur f ao t an t s on  Crack 

rro|vi>',at  ion  K.iLo  in  Or  t lioq  ua  r t z i to , " Cool.  Si'o  . Amorica,  Abstracts 
with  I’rogranis,  v.  8,  n.  7,  p.  978  (1976). 

S.  A.  .Mol  lor  and  1).  K.  Dtuin,  "Constraints  on  Time  of  Paleozoic-  Plate 
Collision,  .Soutliorn  Ajipa  laoh  ian  Orogen,"  Cool.  Soc . America, 

Ahslr.icts  with  Programs,  v.  9,  n.  2,  p.  168  (1977). 

1).  K.  Dunn  and  W.  1,.  Iluf,  "Reduced  Tensile  Strength  of  Orthoquartz- 
iti'  .-It  Zero  /.e  t .i-Po  t on  t i a 1 , " KOS  , Trans.  Amer.  Ceophys.  iln.,  v.  58, 
n.  6,  (1977) . 

Summ.irv  ol  Keso.-irch  Aetivilii-s: 

Knv  i ronmen  t-Sens  i t i ve  l•'racture  Processes  in  Polycrystalline 
SiO,,;  NSl'-MRh. 

Rehbinder's  hypothesis  of  reduced  sur f ace- f ree-energy  causing 
reduction  in  fracture  strenjtth  h.is  been  examined  in  two  very 
dilferenl  exper  iment;i  I modes.  The'  t'xpi'r  intent  a 1 d;ita,  for  shear 
failure  in  biaxial  eom|-iress  i on  (Lewis  and  Dunn)  and  for  tensile 
failure  in  hyii ro f rac I ur i np,  (Dunn  and  Iluf),  show  no  correlation  with 
surfaco  frei'  enerp.v  but  ;i  s i p,n  i f ic;int  correlation  with  zeta-pot  en  t ia  1 . 
There  follows  the  abstract  c i t eti  tibi've  by  Lewis  and  Dunn. 

Cvlindrical  samples  of  Cr.ih  Orchard  Sandstone  (Pottsville  Group 
of  Ih'nnsvl  van  i.in  age)  having  approx  im.i  l e I y 5/i  jiorositv  were 
sattirati'd  with  variotis  concent  rat  ions  I'f  the  c.iliottic  detergent, 

(lodecv  I trimethvi  .immonium  hromitle  (DTAIi),  resulting  in  positive, 
negativ(>,  and  z(-ro  r.-po  t en  t i .i  1 s . Comparison  samples  were  saturated 


witli  ilistilll'cl  di’ i ('ll  i zi'il  watt.'!-  (r.  = -<l!),  t lie  anioiiir  surlai-tant 
.■■.luliiim  (K'cli’cvl  siillali'  (SHS,  ('.  = -41),  non  ion  i ('  Triton  X-UK)  (.’■=-'i0)  , 
and  anih  i on  t a i r . 

All  lords  wold'  condiic  t I'd  at  a ronstaiU  etrootivo  confining 
prossnro  of  O.S  kb,  room  t ompora Lure , and  a static  axial  load 
oqii  i va  1 I'll  t to  94%  of  t lio  drv  or  saturated  brittle  fracture  strength 
well  ab('vo  tlu'  ('usol  ('f  dilalancv.  The  dopondont  variable  measured 
w.is  t lu‘  1 i mo , I rom  imposith'n  ol  static  load,  required  for  micro- 
(.■rack  growth  and  coalesci'iico  to  produce  through-gi' ing  shear 
f rac  t II res . 

Orv  sainpl(.’s  supported  the  load  ru're  than  tvo'  ('rders  ot 
mignitiuk'  lonpa'r  than  aiiv  of  those  satur.ited  with  liquids.  Samples 
saturali'd  with  DTAB  at  4 = 0 failed  447i  to  49%  sooner  than  water 
saturated  samples.  failure  time  is  inverselv  proportional  to 
negative  . reiiardless  ol  liquid  (11^0,  Si)S,  Triton  X-100,  and  DTAB) 
This  fi'sn  I t corr<' 1 a I I's  with  Wi'S  t wc'oil  ' s c(.'nc(.'pt  that  4 = 0 should  pro- 
duce maximum  hr  i 1 1 I i xa t i on  , but  not  with  Ik'hb  inder ' s concept  that 
increased  solution  concen t ra t ion  lowers  surface  free  energy. 
Ih'sitive  r,  values  (l)TAB  onlv)  resulted  in  erratic  failure  times, 
all  I'f  which  were  gretiLi’r  than  4 = 0,  anti  apparentlv  fit  neither  the 
Westwood  t'r  Rehbinder  theories. 

There  fi'lltiws  the  abstract  cited  above  by  Dunn  and  Huf. 

fit  tv-seven  tliick  walled,  ho  I low  cylinders  of  or t hoquar t zi to 

wert'  bvdrof  ract  iired  under  static  axial  load  and  confining  pressure 

('f  HfO  ,ind  240  bars  (85  .and  25  MPa),  rt'spec  t i ve  1 v , simulating  a 

thpth  ol  burial  of  4000m  for  rt'ck  with  .i  Pi'isson's  ratio  = 0.3. 

Pressiir  i /.at  ion  rale  of  the  hydri'f  r.ic  I u r i ng  fluid  was  II  bars  s 

anil  the  fluiils  ii.seil  were  ilistilled  de-it'nized  water  or  various 

concent  r, 1 1 ions  of  iloilecyl  triniethvl  ammonium  bromide  (DTAB)  in 

ililute  iqiieous  solution.  Xet  a-po  t ent  i .i  1 s (■')  tor  Iluids  varied 
- 5 - 

between  -4(>mv  (10  N DTAB)  and  +bOmv  (10  "N  DTAB),  with  .'  = 0 at 
— /| 

X in  N IV|‘Ah. 

II  vd  ri' I r.ic  t u re  "ti'iisile  slreiiglh"  w.is  c.ilciil.ited  t rom  the 
pressure  dat.i  anil  the  sample  dimensii'ns,  assuming  ni'  penetration 
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ot  till-  lliiid  ituo  t lu'  s;imple.  The  validity  nf  this  assumption 
was  voril  ii'd  bv  niiK'tc'on  dianu-tral  tests  wliieh  yielded  a tensile 
strenp.Lli  on  1 v i.br.'  I’.reater  than  the  hyd  I'o  1 rao  t ure  calculation,  a 
ditterem'e  which  is  within  oiu'  standard  error  ot  the  mean  for 
t 111'  ila  t ,1  i nvo  I ved  . 

Mean  h vd rof rac t u re  "tensile  strengths"  for  all  fluids  having 
'/O  siiow  no  s i ;’,n  i I i c.in  t variation;  hut  at  ’.  = 0 the  tensile  strength 
is  reduced  hH'/i . A two-t.iiled  test  ol  the  distribution  I'f  the  means 
yields  a prohahilitv  -99.9%  that  the  tensile  strength  reduction  at 
is  real.  i'hese  results  tend  to  confirm  Westwood's  theory  of 
ehemo-mi'chan  i c.i  1 wisikening  at  r.=()  rather  than  Rehbinder's  surface 
I ree  enerjyv  theory.  A commercial  application  in  jet-cutting 
technology  may  he  feasible. 
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Bond-Orbital  Model  lor  Disordered  Tet rahedral 1 y-Coord inated 

Sem i conduc  tors ; 

dames  Lancaster  and  K.  S.  l)y 

A set  of  closed-form  expressions  for  the  electronic  energy  eigen- 
values of  Group  IV  semicomluc tors  is  derived.  These  expressions  are 
valid  for  ajiy  ti'lrahedral  network  with  six-membered  rings  only.  The 
model  Ham  i I ton  i, in  useil  is  a variation  of  the  bond-orbital  model  ol 
Harrison  and  where  tetrahedral  clusters  of  boiuls  are  treated  as 
units  and  nearest -c 1 ust er  interactions  are  taken  into  account.  The 
results  show  that  the  band  structure  and  its  pressure  dependence  can 
be  explained  cpiite  well  in  this  model  with  only  a few  matrix  ele- 
ments . 

We  also  c.onsiiler  the  effect  of  Group  IV  substitutional  impuri- 
tii's  on  the  miergy  level  distribution.  In  the  boml-orh  i ta  1 model, 
the  problem  can  be  reduced  into  .an  effective  Hamiltonian  model, 
where  the  band  structure  effect  are  included  exactly. 
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The  magnetic  susco'pt  i b i 1 i t I o.s  of  sing.lo  crvst.ils  ol  1,  I- 

p ropaiii'd  i .iiiiiiion  i >.:ii  I o t raoli  I o n.uii.uigan.  i to(l  1),  (NH.,CH,CH,CH,NHj  )Min  . ^ , 

Have  boi'ii  nio.isiirod  from  A. 2 to  220°K.  High-liold  m.ignot  i :’.at  ion 

moasuroiiionts  lu'low  tbo  tr.insition  tomiioraturo  .iro  reported.  In  px'dor- 

.iti'  iii.ig.not  i I'  fields,  tbo  matori.il  undergoes  .i  transition  to  .in  .inti- 

fi'rromagau't  i c st.ite  .it  T,,  = .A3.b°K  with  tlu'  b .axis  being  the  preterred 

N 

,ixi'-.  Me.ir-zero-l  ie  I tl  susceptibility  measurements  be  Unr  1^.  reve.il  a 

more  conipli'x  behavior  suggestive*  of  .1  canted  S|iin  sastem  since  ni't 

momi'iiti'  .iri'  observi'd  along  the  b .mil  c axi'S.  Higb-lii'ld  magnet  i r.at  ii'ii 

nii'.isurc'iiient.s  alnii)',  tiu'  pn'fi'rrc'd  axis  reveal  a spin-llop  tr.insition  .it 

II  - 2A.2  k(K' . rile  dat.a  below  T.,  I'.in  be  c|u.i  1 i t .it  ivi' 1 v accounted  tor 
.s  I-  N 

bv  cons  i do  r i ng,  .1  model  based  on  D;:v.i  losli  i nskv-Mor  iy.i  interactions  being 
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turliuliil  in  1 111'  ll.iin  i I 1 1)11  i an  . A plausibli'  a r ranp.omc'iU  nl  tla-  siihlaLtico 
nuiiik  iits  is  siippos t I'll  basril  on  tlio  known  oryslal  s L rno L nri' . Abovo  50°K 
Lbi'  snsi'opL  Lb  i 1 i L ios  are  isotropic  and  reflect  the  q iias  i- two-d  i me  ns  ionnl 
nature  of  Llie  complex.  Analysis  ol  tlie  h i gh- tempera t u re  series  exi'an- 
s Lons  reveals  tlie  intralayer  exchange  constant  to  be  jd/kj  = 4.6  K. 

The  crystal  structure  and  magnetic  properties  of  the  compound 
b is  (p  ropy  I I'lie-  1 , 1-d  i ammon  i urn)  t e t rachl  oro cuprate , [ II ) CuCl^  , 
have  been  deti'rmined.  Tho  material  crystallizes  in  the  orthorhombic 
apaco  j’.roup  l'nnia(l).,  with  four  formula  units  in  a cell  of  dimensions 

a = 7.200  (2),  b = 18.246(6).  and  c = 7.451  (2)  A.  Least-squares  refine- 
ment of  1209  indepi'iident  reflections  has  led  to  a final  R factor  (on  V) 
of  O.OK).  Tho  structure  consists  of  tetragonallv  distorted  [CuCl^^] 
units  which  ,ire  eh  1 o rob  r i dp,ed  to  form  a two-d  imens  i onal  layer.  '..ilhin 
tin  t wo-d  i mons  iona  I network  there  are  two  short  cop|ie  r-chl  or  i do  bond 

o o 

di.':tain-os  ol  2.275  (4)  A anil  two  long  t'u-Cl  distances  of  2.946  (4)  A. 
'I'luro  are  two  copper-chloride  bonds  nearly  pe  riH'iid  i cul  a r to  the  bridged 

O 

network  with  distances  of  2.314  (4)  A.  The  intralayer  bond  angles  at 
copper  are  87.70  (2)  and  92.30  (2)°  with  the  Cu-Cl -l.u  bridging  angle 
bi' i ng  165.70  (4)°.  Tlu'  ch  lorocuprate  shoi't  is  puckered  as  a result  of 
hydr<>gon  bonding  to  the  propy  leni’- 1 , 3-il  iammon  i urn  ions  which  lie  between 
the  lavers.  Mag.net  ic  .suscep  t i b i 1 i t v data  collected  on  powdered  and 
s ingii’-i' rvs  t a 1 .;am|)les  riv’ealed  two-d  i nu  iis  iona  1 magnetic  interactions 
with  ,1/k  = 15.4  K above  the  th  ree-d  i mens  i ona  1 ordering  temperature  of 
13.)  K.  In  till'  ordered  state  thi'  preferred  direction  ol  the  spins  is 
.along,  c (])orhaps  with  some  canting)  with  tho  next  pri'ferred  direction 
.ippanntlv  pirpond  iiiilar  to  the  lavi'r.  Ihis  unusual  result  reflects 

O 

the  smal  1 interlayer  s.'paration  of  9.123  (3)  .\ . 

2.  .Studii's  on  One- 0 i men s ion.a  1 Conjpounds  (N.8F . NS F-MRl  ) 


i'hi'  spin  levi'l:.,  till'  dependencies  of  tlu'  effective  magnetic  moments 

lioll,  .mil  tho  -a)  in  spec  i lie  lu'at  C as  functions  of  kT/d  for  open  1 iiu'.ir 

m 

Ik'isenberg,  chains  with  individual  ion  spins  S^  of  1/2  to  5/2  and  length 
N-  II  havi'  been  ca  I c n I .i  t oil  . A compari.son  of  tho  results  with  other  we' 1 1 
known  models  h.is  boon  m.ule . The  ma.gnetic  susceptibility  and  FI’R  spectra 
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ol  oxii  v.iii.ui  i nm  im  rbuxv  I ;i  I os  VO  ) .,  (K  = CH.^,  (!ll,01,  CIUM  ^ . ('.('1^, 

('(('ll.)  0 ,11.  , (',,11.,,  (',11,,,  jiiui  C II,.,)  li.ivo  lH‘on  sliiiiii'd,  and  t lio  d.it  a 

(1  d > i / *(  V ()  1 ! 

Uavf  boon  i lU. o rp ro  1. oil  i ii  lorms  ol'  iIk-  oa  1 o u 1 at.  ions  . Tlio  n-sulls  sup,p,osl 
lliaL  (ho  oliains  contain  a|iproximati’ 1 v 50  monomeric  snhnnits.  The  mag- 
noLic  snscopl  i b i 1 i t V data  for  all  tlio  c('ni|-)ounds  arc  consistent  with  the 
lie  isi’nbi'rc,  niodi’l  for  an  t i fo  r rotnaKne  t i c linear  chain.s  with  a small  anti- 
fo r romapno t ic  interchain  inloraclion  and  the  presence  of  a small  amount 
ol  niononiorii’  iminirities. 

ihi'  di-N-oxido  of  I , 5-napl)  t hy  r i d i lU'  has  been  proi)arod  and  coordina- 
t ion  com|)onnds  with  coppi'r(li)  chloriilo,  bromide,  and  nitrate  have  boon 
prepared.  Intr.ired,  electronic,  and  I'lt'clron  p.i  ramapnet  i c resonance 
spi'c t roscop  i es  h.ive  beiai  nsi'd  to  deterniine  the  hind  inn.  i>roperties  of 
the  I ijt.nul  and  .inions.  M.ipnetic  snscep  t i b i 1 i t ies  sniiiiort  ant  i fe  rromap- 
nelie  exch.inp.i'  through  the  e'xtended  n system  of  the  heterocyclic  ligand, 
file  ma)’,netic  data  c.in  be  fit  to  the  isotropic  Heisenberg  model  for  linear 
chains  with  S = 1/2  coupled  magnetic  ions  with  ,1  -’3.5  cm  ' in  all 

I h roe  comp  1 exi'S  . 

Tlu'  magnetic  susceptibility  behavior  of  the  copper(TI)  complexes 
ol  2-  (o-bvdroxypiu'ny  I )benzoxazo  1 e and  2-  (o-hvdriixvpheny  1 )benzothiazo  le 
has  bei'ii  examined  over  the  t emjiera  t lire  r.ange  2-77'^K.  Despite  established 
linear  chain  structure  both  complexes  exhibit  negligible  spin  exchange 
CO ii(>  1 i lip, . file  present  work  prc.vidos  additional  support  of  an  earlier 

O 

conclusion  that  ont-of-plane  coppe r-oxv gen  distanci'S  of  2. HA  or  i renter 
are  too  long  to  transmit  spin-s|iin  i n ter. let  ions  . 

flu  eleetri'iiic  structures  of  the  linear-chain  .iminoacid  complexes, 
b i s ( f-aspa  r.i;’,  i n.il  o Icojipe  r ( 1 1 ) , Cu  (.a spg)  , , and  b i s (d  , . - ,i-aminobuty  rat  o ) - 
cop|ier(lI),  Cn(.ib.i),,  h.ave  beiMi  elucidated  using,  variable  temperature 
m.ijinetic  siisi-ept  i b i 1 i t V miais  nri'men  t s and  eli'ctronic  and  electron  para- 
mag, nciic  ri'sonancc  (Id’K)  S|)ec  t roscopy . Desiiite  established  linear  ch.iin 
structures,  no  evidence  was  found  fi'f  mi’ t .a  I -me  t ,i  1 spin  exchange  coupling 
to  1.H°K.  Kl’R  spectra  di'mons  t ra  t ed  that  metal-1  1 g.and  covalency  is  minimal. 
The  g,-  and  hypi’rfine  .inisotropy  of  cojipe  r ( I 1 ) -doped  Cd(aspg),  were  com- 
pletely reso  I veil . 

The  m.ajtnetic  .and  spectral  properties  of  a series  of  substituted 
pyridine  comi'lexes  of  co|'per(ll)  chloridi'  and  of  co|iiU'r(Tl)  bromide  have 
bei’ii  deti'rmitied.  file  b.ases  used  inclndi’  i-methvl-,  1-etlr  1-,  4-methvl- 
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■'(-i’ I li\' I - . .mil  -'i-viiivl  pyridiiK'.  All  (i'ii4>iuiiul.s  cxii-iu  I'.u  ( 'i-mf  lliv  I py  r i - 

iliiu'),(  I j I'xliibil.  Ho  i scnbo  rp,  oli.i  i a- 1 i ko  mapuilio  bohavior  with  Lbc 

oxobaap.i'  iatoprals  l\>r  Lbo  bromo  oompli’xos  boiny,  approximatol  v twico 

LbaL  obsorvi'd  lur  tbo  oltlnro  comploxort.  Tbo  .1  valaos  raapod  from 

-22.3  om  ' lor  (ai(  3-il  bv  1 pvr  i d i ao  ) Hr,,  Lo  -b.7  tan  lor  Cu(4-i.'lbyl- 

P V r i il  i iH' ) ,C  1 mav  bo  ialorprotod  in  ti'nits  ol  an  lalornatiap  rbaia  modol 

wilb  llu‘  rat  io  ol  lbo  I'xobani’.o  oiuipliap,  ooastaaLs  tor  a pivoa  ooppor(II) 

ion  wiLb  its  two  aoarosL  aoiphbors  in  liio  obaia  boiap  i) . b . 

( a I oa  I at.  ions  ol  spin  lovols  and  offi.'oLivo  iiiap.aolic  momoaL.-.  as 

liiaolioa>;  ol  rodnoi'd  LomporaLaro,  m ^.(ki/.l'),  bavi'  hi'ea  oarrii'd  onL  for 

o I I 

Ik' i si'nborp,  opi'ii  liaiU'  cbaias  with  ion  s|)ias  ot  1/2  to  5/2  cor.  L a in  i ap, 
ii|'  lo  II  siibaails  (N  _ 11).  Som>'  n' 1 at  ioasb  i ps  usolul  in  iat  orpri' tat  ion 
ol  I' x|>i' r i im' a t .1 1 ri'sults  aro  cons  i do  n'll . A dotailod  ooiii!''.ir  i son  of  tbo 
rosulls  with  litor.itaro  data  is  pivoa. 

tla  1 on  I a t i oas  ol  spin  siu'oifio  bo.it,  ,is  .i  fanctii’ii  ot  roilucod 

t oiiipo  r.i  t u ri' , ki'/.l,  bavo  boon  o.irriotl  oat  lor  Ho  i soabor  i;  opon  tinito 
I'll. lias  I'oa  t a i a i ap  a(i  to  11  inns  (K  _ IJ)  with  spins  .S^  ot  1/2  to  5/2 
oa  tbo  b.isis  of  tbo  modol  dosi'riln'd  in  I lu'  •pn.'oodinp  oomrnin  i ca  t Lon . 
Cb.ir.iotor’.st  io  lo.itaros  of  tbo  (\'j(kT/.l)  onrvos  oo r rospond i np  to  v.arious 
.S  .md  N valaos  .iri.'  disoassod.  Tbi'so  oan  bo  asi'd  in  in  t orpro  t.i  t ion  I'f 

I 

oxporimoatal  t ompi- r.i  t aro  dopondonoos  ol  lor  tlu-  rospootiv'o  lorro-  and 
ant  i f o r rom.'.pno  t i o obains. 

5.  Studios  on  Hiinors  (NSi,  NSK-MRl.) 

M.ip.notio  s nsoopt  i b i 1 i t y and  straotaral  dat.i  tor  two  additioa.il  di- 
p-b  vd  roxo-b  r i dgod  ooppor(Il)  oi'mploxos  aro  now  .iv.iilabio.  lbo  now  d.ita 
support  till  liaoar  oor  ri' 1 .i  t ion  botvi'oi'ii  tbo  s i np  1 o t- 1 r i p 1 o t splittinp, 

2.1,  .lad  tbo  (ai-O-Ca  bridpo  aapl  o wh  i <di  bas  boon  obsorvod  . Mapaotic 
sasoopt  ibi  1 i ty  data  for  [ Ca  (biiy  )t)ll  I , (C  It)  ,^ ) , (bpv  = 2 , 2 ’ -b  ipvr  id  i no  ) , for 
|(;a(tnioa)i)Hl.,((;iO,  ).,  (tnioa  = N , N , N ' , N ' - 1 o t ramo  t bv  1 o t by  1 oaod  i ami  no ) , and 
lor  Olio  complox  io  r wbiob  tbori'  aro  no  straotar.il  d.it.i,  1 Ca  ( t mpd  Itlll  ] ,- 

(Cl<i,),i  Itmpd  = N , N,  N’ ' ,N ' - 1 o t raniot  bv  I -o  plioii  v lonod  i .tm  i no  ) , viold  2.1 

' “ - 1 . 
v.ilaos  ol  dl,  - ilit) , .111(1  I 30  om  , ros'ioo  t i vo  1 y . Tbo  oomploxi'S  oxhibit 

t r i p 1 o t -si  at  o l.l’K  spool  r.i,  and  lbo  .a.'r.irod  spool  ra  b.ivo  boon  aaalyxod 
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in  ti'fms  >>l  t lu'  I'oord  i n.i  I i nn  ol  t Im  [umvIi  1 o f.i  1 1‘  ion. 

Anlivilrouhi  noppcT  ( I I ) luroale  niul  copiu-rCIl)  lii  iopll^.'^e-2-l•,lrb^l.^y- 
l,lt>‘  li.ivc  liL’fu  sv  ul  lios  i zod  . They  are  tnrrnilaled  as  dimerie  spieies 
with  I'eiir  ea rhoxv  1 at. e bridges.  'I'iie  Lliioplunie  and  I nran  nioieCicns  ^ive 
rise  to  polvnu'iie  .-Urnrlnres.  I-'.  1 1'et  ren  spin  resnnaneo  speei  ra  and 
maj'.iii' I i (■  s in.ei.'|)t  i b i I i L V measnia'iuiMU  ;;  slu'Vs’  Llial  t lu'  dimi'rs  have  a sinr.Kt 
)U'ennd  .sLali'  and  a Llu'rinally  [lopnlatisl  triplet  state.  The  exchanr,e 
reni'linp  eeinUants,  2d,  are  -122  and  -112  eiii  * Tor  the  furoate  and 
I h iopheiK'-2-ea  rlu' XV  I at  e I’omp  1 exi's  , ri'spee  t i ve  1 y ■ The  eleetronir  aitd 
ini  fared  spei-l  ra  ari‘  alsi>  diseu.ssed. 

I mad  i /.o  I i nm  , n i c ot  i n i nni , anil  q n i n i d i n i nni  t el  r ieh  I orecnp  rat  e ( 1 I ) 

.salts  have  bi'en  prepared  and  eha  rae  t er  i zed  spie  t resi-ep  i i-.i  1 I y . MagiiLtie 
s ira'ep  t i h i I i I V i;tndii'.s  show  that  nieotininiii  t e t raeh  I erne  np  ra  t e exhibits 
hnr  ie-K'e  i ss  I.Ui'.  Keniarkdbly,  i mi  daze  I i iim  t >.■  t raeh  1 1>  roe  np  r.i  t e ( 1 I)  exhibits 
majpu'tie  s n.seep  t i b i I i t v behavior  i-onsistent  vj  i t h a dimerie  formulation 
of  the  ciimplex.  I'he  complex  ha.s  a "dimer"  eleetrenie  t r.ins  i t ion  at 
2.')2  inn  ' which  has  bei'ii  interproLed  on  I hi-  basis  ol  moU'cnlar  orbital 
ca  I c n I a t i oin; . 'i'he  novel  imidazolinm  complex  is  fi'rmnlated  as  Mmidazo- 
M nm ) , fn.,(' I ^ and  is  thonpht  to  be  stabilized  by  hydri'p.en  hondinp,. 

Mapnelii-  susceptibilities  have  hien  mea.snred  for  the  sn ! I nr-b  r i dp.ed 
il  i HR’ r i c coppi'  r ( 1 I ) comp  U’x  , tl  i ch  I o ro-  ( 1 IH — t h ioca  r bonohvdraz  i d t i.m-N S ) - 
copiu  r(ll')  chloriile  in  the  temperature  ranpi'  4.2  to  140“K.  Tlu'  dal  .1 

relied  ,111  .lilt  i ferroni.ip.iiet  ic  i n 1 1' r.ii- 1 ion  .nid  may  be  lit  bv  the  \.in  \leck 

s i np  I e t - 1 r i [1 1 e t si>lilt  inp,  is  remark, ible  in  view  ol  the  Ion;;  coppiT- 
•snlliir  bridp.inj;  bond  dist.nici’s  ol  2.27  .iiid  1.11  .\ . 

The  m.i'.’jietic  properties  ol  the  coniponiul  \,\,N',\'-tetr,imetllvUne- 

d i .immoii  i nm  hexach  I o rod  i cup  ra  t e ( I I ) , | t meiill  , | fn.,t  1 . were  de  t e rm  i ni'd  in 

the  ti'iiiiH'r.it  lire  r.inpe  H-8()°K  and  tlu  d.ita  reflect  .in  .in  t i f e r rom.ipne  t i c 

exch.inr.i'  i nl  e r.ic  t i on  with  an  I'xch.iny.e  I'lierpy,  2.1,  ot  -11.7  cm  ' with 

;;  ‘ 2.12.  From  a comparison  of  the  spi'ctr.il  ,ind  magnetic  properties 

ol  1 t mi'iill  , I hn.jC  I with  tliosi'  of  K(hi(!l  it  is  propi'seil  tli.it  the  bimi'tallic 

2-  ' ^ 

hn^rl^^  unit  is  present  in  the  new  coniponiul  ,ind  that  interdimer  iiUi-r- 
actioiis  are  lU'g  I i p,  i b 1 e . 


A.  Ml)  Ii'cul.ir  IVsign  of  High  Conductivity  Materials  (NSK-MRL,  ONR) 

The  I , A-dianiinoant  hraqiiinonc  (D/\AQ)  compounds:  2DAAQ-3I2,  DMQ  • 

CuCl,^  and  3I)AA(1' 2CuBr.,  have  been  prepared  and  cliaracterized . Tlie 
coni|)ound  2 plienot  h iaz  inc  ■ 3 1 ,,  has  also  been  reinvestigated.  The  solid 
state  conduct i vi I ies  of  compressed  powders  have  been  investigated  by 
a DC  mi'tliod  as  a function  of  teniperaturi' . The  activation  energies  for 
si'mi  conduct  ion  (cV')  for  2 HA;\(> ' 3 1 , nAAQ't'aCl.^  and  3HAAQ  • 2CuBr  have 
bei'ii  determined  to  lie  0.053,  0.039,  and  0.055,  respectively.  electron 
paramagnetic  resonance  spi'Ctra  and  magnetic  susceptibility  measurements 
a.s  a lunction  of  temperature  havi'  been  measureii.  ihe  c'.clic 
voltametrv  of  various  diaminoanthraquinones  in  acetonitrile  indicates 
Lh.it  till'  semiconducting  properties  of  the  DAAQ  compounds  are  related 
to  till'  I'ase  and  reversibility  of  oxidat  lon-reduct  ion . Related  diamonan- 
thraquinoiu'  compounds,  e.g.,  I , 5-DAAQ  • CuCl  , have  been  found  to  be 
insulate  rs  . 
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MRI.-NSK 

Previous  theoreticai  work  by  the  author,  on  electron  self- 
tra[)ping,  is  extended  ti)  positronium  in  helium.  Results  are  ob- 
taineil  for  several  values  of  the  pos  i t ron  i um-lie  I ium  s-wave  scatter- 
ing, length  (a),  in  oriler  to  determine  the  validitv  of  published 
analyses  of  data  on  the  dependence  of  the  ortho-pi's i t ron  ium  anni- 
hilation rati'  on  the  avi'iage  density  ami  temperature  ol  its  fluid 
helium  liost  . It  is  concluded  that  t hi'  recently  reported  value  of 
= 0.129  ■ 0.00b  is  not  "contaminated"  bv  self-trapping  ef- 
feets  or  models,  while  the  value  repoi ted  for  a = 0.77  ' 0.04  A 
results  from  an  invalid  analysis.  It  is  suggested  that  a value 

O 

for  a in  the  neighborhood  of  0.8  A may  be  reasonably  inferred  from 
available  experimental  data  and  tlu'  calculations  presented  here, 
but  that  till'  [irecision  of  this  determination  is  not  very  high. 

(2)  Variational  treatment  of  disordered  systems  with  correlations; 
MRl -NSK 

Till'  variational  procedure,  developed  and  applied  by  Luttinger, 
for  partition  funi-tion  of  a iiarticle  interacting  with  a disordered 
set  of  si'atterers  mav  be  applied  to  treat  systems  in  which  the  dis- 
order is  characterized  by  general  correlations  among  the  positions 
of  the  scatterers.  Kxplicit  formulas  are  developed  for  arbitrary 
temperature,  short-ranged  scattering  potential,  and  correlations 
.tmong  the  [los  i t ions  of  the  scatterers. 
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S Limma ry  o f Research  Activi  t ies 

(1)  Metal-Metal  Interactions  in  Chain  I’olymers;  NSF-MRL 

We  have  been  successful  in  syntlies  i z ing  and  characterizing  a 
variety  of  chain  polymers  of  copper(ll),  all  of  whicli  possess  properties 
whicii  are  I'otli  surprising  and  revealing  in  terms  of  long-range  inter- 
act i ons  . 

I'he  complex  d i bromo [ 2- ( 2-am i nome t hy  1 ) pvr  idlne  ] coppe r U I ) , CuC^HgX  ,Br., , 
has  been  s vntlies ized , and  the  crvstal  structures  of  this  complex  and  of 
d ib  romo(  2-methvl- 1 , 2-d  i ami  nopropane)  copper  ( f 1 ) , CuC^H  pN.,Br  , have  been 
determined.  i'he  aminomethylpyridine  complex  crystallizes  in  the  mono- 
ciinic  space  group  P2^/m,  with  two  formula  units  in  a cell  of  dimensions 
a = 8.222(15),  b = 6.372(13),  £ = 9.883(18)  A and  £ = 116.3(1)°,  with 
observed  and  calculated  densities  of  2.51  and  2.43  gem  \ respectively, 
i'he  structure  has  been  refined  by  full-matrix  least-squares  to  a final 
valui'  oi  the  conventional  R- factor  (on  K)  of  0.046  based  on  763  independent 
observations.  The  d i am i nopropane  complex  crvstall izes  in  the  orthrhomblc 
space  group  I'nma,  with  tou;  formula  units  in  a cell  of  dimensions  £ = 

o 

20.276(28),  b = 6.208(3),  and  c_  = 7.058(3)  A and  observed  and  calculated 
densities  of  2.33  and  2.330  gem  respectively.  The  structure  has  been 
refined  a final  value  of  R of  0.039  based  on  669  intensities.  In  both 
complexes,  the  formula  unit  is  constrained  to  lie  in  a crystallographic 
mirror  plane,  which  is  the  ac-plane  in  both  cases.  For  the  2-methy 1-1 , 2- 
dlaminopropane  complex,  this  brings  about  a disorder  of  three  of  the  four 
carbon  atoms.  Both  structures  consist  of  infinite  dibromo-bridged  chains, 
in  which  one  bromide  ligand  servos  to  propagate  the  chain  in  both  directions 
while  tlie  other  is  not  involved  in  tlie  chain;  thus,  one  bromide  is 
coordinated  to  three  copper  atoms  while  the  other  is  coordinated  to  onlv 
one.  ."kir.  foivn  of  chain  in  unitiuc.  The  geometrv  about  each  copper  center 


p 


T 


U) 


is  disLortc’d  oftalieclral  , with  two  cis  nitro^^oii  atoms  and  two  bromides 
in  tile  plane  and  the  ri;eaker  cliain-propagat  ing  bromide  Interactions  out 

O 

ol  the  plane.  The  Cu-Cu  separations  in  the  two  chains  are  3.7J7(6)  A 

O 

and  3.866(2)  A tor  the  aminometliylpyrldine  and  dlaminopropane  complexes, 
respectively,  with  associated  Cu-Ur-Cu  bridging  angles  of  80.77(4)“  and 
87.56(3)°,  respectively. 

Tile  structure  of  tlie  thiazole  c'omplex  d ichiorob  i s ( ttii  azole ) coppe  r ( 1 I ) , 
(hi(tiiz)  is  more  usual  in  tiiat  the  complex  consists  of  square  planar 

units  linked  bv  cliloride  bridges  so  that  the  structure  of  each  chain  is 
quite  similar  to  tluit  ol'  the  pyridine  complex  Cu(py)  ^Cl.., . 'the  arrangement 
of  the  cliains  in  tlie  crystal  is  quite  different  from  that  in  tlie  pvridine 
complex,  liowever,  since  in  tiie  latter  ttie  square  planar  units  are  all 
parallel  while  in  the  thiazole  complex  tlie  angle  between  the  normals  to 
the  planes  in  adjacent  chains  is  78°.  Consequently,  the  e.p.r.  spectral 
properties  ol  tlie  thiazole  complex  are  unique,  and  this  observation 
demcinst rates  conclusively  that  electronic  effects  in  these  complexes  are 
transmitted  between  the  chains  as  well  as  along  them. 

Further  compelling  evidence  for  the  significance  of  long-range  non- 
bonded  interactions  is  provided  by  our  studv  of  the  adeninium  complex 
[ Cu(  Adll)  ,,C  1 , I Cl . The  complex  crystallizes  in  the  space  group  C2/c  of 
the  monoclinic  system  with  the  cell  dimensions  being  ^ = 18.117(4),  ^ = 

O 

8.576(1),  £ - 11.814(4)  A and  6 = 114.29(1)°  with  Z = 4.  The  copper  atom 
is  roughly  tetrahedrally  coordinated  and  lies  on  a crvstallographi c two- 
fold axis  with  the  four  coordination  sites  being  occupied  by  two  chloride 

O 

ligands  with  a Cu-Cl  distance  of  2.228(1)  A and  by  the  N(9)  atoms  of  two 

O 

adeninium  cations  with  a Cu-N(9)  distance  of  2.012(21  A.  The  cationic 
purine  is  protonated  at  N(l)  and  N(7).  There  are  weak  C1‘''C1  interactions 

O 

of  length  3.755(2)  A which  link  the  monomeric  units  into  zig-zag  polymeric 
chains  with  a Cu-Cl Cl  angle  of  169.23(7)°.  The  corresponding  Br''‘Br 

O 

contacts  are  calculated  to  be  3.791  A.  These  ligand-ligand  contacts 

support  Heisenberg  linear  chain  ant i ferromagnet ism  with  d . = -7.6  cm  ^ and 
-1 

d„  = -36.5  cm  . This  is  a remarkable  result  in  view  of  the  long  Cl'^'Cl 
Br 

and  Br--'Br  distances,  and  demonstrates  that  these  "weak"  Interactions  are 
of  g.reat  magnetic  significance  in  the  solid  state. 
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Structural  and  Magnetic  Properties  of  Ciiromium(  I i I ) Dimers; 

NSF  (Cliemist  ry ) . 

i'lie  delta  wliLch  we  liave  obtained  on  d i -iiydroxo-bri  dged  chromi  um(1 1 1 ) 
dimers  of  tlie  type  [ Cr  (I.)  (where  L is  again  a bidentate  ligand)  are 

presented  in  Table  I;  examination  of  tiiese  data  shows  that  (unlike  the 
copper  analogs)  there  is  clearly  no  linear  dependence  of  J on  f.  Because 

Table  I 

Structural  and  Magnetic  Properties  of  [CrL^  (OH)  ] 


° -1  -1 

Comp  lex v(dey,.  ) Cr-Cr  ( A) 2.T(cm  ) AE(ciii  ) 


1 Cr(en)  ^OH  ] .,C1.,(C10^) 

103.42 

3.059 

-26.8 

-26.8 

l(:r(phcn).,OH]  ,,C1^ 

102.7 

3.008 

-55.5 

-50.3 

iCr(plien)  ,,i'H  J I , 
2 2 s 

102.1 

2.986 

-43.8 

-53.6 

1 Cr(d  ipic)  (OH,,)OH  ] ^ 

100.7 

2.999 

-14 

-14 

Na^  1 Cr(ox)  .,011  ] ^ 

99.6 

3.006 

-0.6 

-0.6 

Na  , 1 Cr  (ma  1 ) (Hi  | 

4 J *: 

99.3 

3 . 000 

+2.2 

+2.2 

[Cr(glv).,OH]  , 

98.2 

2.974 

-7.4 

-10.0 

in  manv  complexes  of 

til  is  tvpe  it 

is  necessarv 

to  modify 

the  exchange 

Hamiltonian  by  including  a second-order  term  (biquadratic  exchange),  i . e . 


= -2JS,  -S,, 


tlic  Van  Vleck  equation  can  be  written  as 


K.  2 ,2 

, = 

•Sn  kT 


^2^(2d-6.5,i)/kT  ^ ^^^(bJ-13.B,n/kT  ^ .^^  ( 1 2J-«  j ) /kT 
^ ^^^(2J-6.5,i)/kT  ^^((vI-13.5D/kT  ^ ^^  ( 12J-9  j ) /kT 


and  the  s i ng le t- t r i p 1 et  splitting  (AK  in  Table  I)  is  2,I-b.3J.  Correlations 
should  more  properlv  lie  made  between  (rather  than  J)  and  structural 
features,  but  it  is  also  apparent  that  there  is  no  linear  relationship 
between  AE  and  $ for  these  complexes. 
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I'he  reason  for  this  apparent  (hut  not  actual)  breakdown  of  tlie 
scheme  wiiich  we  had  earlier  proposed  for  the  interactions  In  copper(ll) 
dimt!rs  is  readily  seen.  In  the  case  of  copper(ll),  we  were  able  to 
restrict  our  attention  to  the  £-system,  since  tlie  onlv  unpaired  spin 
resides  in  ’-orbitals.  in  six-coordinate  chromiuni(lll)  complexes, 
however,  the  unpaired  spin  is  in  the  t.,  ^-tvpc  orbitals,  which  have 
eoniponents  Imth  in  tlu'  bridging  plane  and  perpendicular  to  it.  Hence, 
tills  svsteri  allows  us  to  generalize  our  molecular  orbital  scheme;  the 
result  obtained  for  copper(ll)  dimers  is  a special  case  of  this  anticipated 
result.  It  should  be  noted  however,  that  to  the  extent  that  the  metal- 
oxygen  bridging  lionds  are  of  equal  lengtlt  in  all  of  these  complexes  (for 
any  given  metal),  the  basic  hypothesis  holds:  The  ma'jnet'3  behavfcr 

of  of  tht  t\  ocnc7‘ut  tiiyer  !s  deterr’ined  piKr.aivalZi-  hu  the 

ovdip:  )ip  ,mple,  if.  in  the  case  of  six-coordinate  systems  (e . g . chrom.ium(1 1 1) 
complexes)  we  have  tlie  simplifying  feature  that  the  value  of  t is  forced 
by  tlie  constraints  of  the  pseudo-octahedral  geometry  to  be  approximately 
zero  in  all  eases:  I'onsequently , this  term  is  not  a factor  in  the  studies 
under  discussion  liere.  I have  recently  developed  an  extension  of  our 
original  model  which  accounts  for  the  observed  properties  of  chromiumfll 1) 
d i me  rs  . 

We  are  alsi.'  synthesizing  and  studying  al  koxo-br  i dged  complexes  of 

the  tvpe  [t'.r(L)  ,,01<1  and  have  completed  our  characterizations  of  three 

such  complexes.  Professor  L.J.  Theriot  has  devised  a more  general 

syntlietic  rcuite  than  our  own,  which  was  merely  an  extension  of  the 

procednri’  of  Kasuga,  .ind  lie  has  generously  donated  samples  of  more  of 

these  (.'omplexes.  These  al koxo-b r i dged  dimers  are  of  great  value  in 

examining  our  present  correlation,  since  they  allow  us  to  vary  the 

electron  density  at  the  bridge.  The  effect  of  increasing  the  electron 

density  at  tlie  bridge  is  to  raise  the  energies  of  the  orbitals  i,, 

(■  j and  (remembering  that  these  are  the  antibonding  combinations)  and 

leave  tr  ■'lud  un.iffected  since  they  contain  no  bridging  character.  Thus, 

4 b 2 

to  a first  approx  i mat  i on , (K.,-1-'  ) "'  is  unaffected  (assuming  similar  energ^■ 

- 2 2 

shifts  for  oxvgen  p and  p ),  wliile  (K,-K,)“  and  IE  -E  ) "'  both  increase 
X y 4 3 ()  •> 

with  increasing  electron  density  at  the  bridgt  . Tlu'r>  'ore,  we  expect  an 
increase  in  the  ant i ferromagnet ic  interaction  with  increasing  electron 
density  at  the  bridging  atom.  We  find  that  the  complexes  [Cr  ( 3-Cl-acac) 


OCII 


,,  |Cr(  3-13r-acac)  ,,OCII^]  , and  (Cr  ( l-Br-acac)  /iC,,!!  ^ all  have 


approximately  the  same  f value  (101.5 


’),  but  that  .'E  for  the  ethoxv 


% 
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complt'.x  (-17.9  cm  ) has  approximately  twice  the  magnitude  found  for 
the  methoxv  ciimplexes  (-9  cm  S-  Since  etlianol  is  a weaker  acid  than 
niethaiivil,  there  is  greater  electron  density  at  the  ethoxy  oxygen  atom; 
hence,  the  observed  result  is  entirely  consistent  with  our  prediction. 
This  is  the  strongest  experimental  evidence  of  this  type  ever  reported. 

( i)  il.i  1 i)gen-15r idged  Complexes  of  CopperCin;  NSF  (Chemistry) 

the  magnetic  coupling  in  halogen-bridged  complexes  of  copper(II) 
is  more  compiicated  than  the  hydroxo-systems  because  of  the  presence, 
in  the  lormer,  ot  relatively  low-lying  ligand  jJ-orbitals  which  can 
interact  witii  the  metal  orbitals.  A furtlter  complication,  which  we  did 
not  antii'ipate,  arises  from  our  discovery  that  complexes  of  the  tvpes 
taiL.X  , (where  I.  is  a bidentatc  ligand)  or  CuA^X.,  (wdiere  A is  unidentato) 
siiow  .m  amazingly  wide  variety  of  geometries. 

ihe  tetrai'.onal  pyramidal  dimers  are  the  easiest  class  to  understand, 
in  part  because  this  geometry  is  most  readily  comprehended  in  the  light 
of  our  previous  molecular  orbital  schemes,  and  also  because  data  for 
these  complexes  are  more  prevelant  at  present,  with  three  dibromo-bridged 
and  five  d ich lort'-b r i dged  structures  available.  These  tetragonal 
pyramidal  complexes  are,  of  course,  of  the  out-of-plnne  type,  so  in 
this  situation  the  bridging  framework  is  not  in  the  x,y-plane  of  the 
C('pper  atoms;  one  bridging  ligand  is  axial  to  a giv'en  copper  atom,  and 
the  other  is  ecjuatorial.  Since  the  unpaired  spin  is  in  the  base  planes 
I'f  the  molecule,  any  excliange  interactions  are  expected  to  be  weak. 

The  available  data  for  these  types  of  dimers  (the  majority,  but  not 
all,  of  which  are  from  our  laboratories)  are  summarized  in  Table  II. 


Table  II 

Structural  and  Magnetic  Troperties  of  Tetragonal  I’yramidal 
Halogen-bridged  Copper (II)  Dimers 


Comp  1 ex 

Cu-X' (A) 
(out-o  f-p lane) 
(d) 

Bridge  Angle 
U) 

J 

tem'b 

|(:u(l)MC)Cl^l^ 

2.(i98 

88.0 

+ 3. 1 

ICuCpic)^!;!,,]^ 

3.37 

101  .-4 

-).7 

1 Cu( tmen) Cl ^ | ^ 

3.  14  7 

90.8 

-2.5 

( Cu(dmen )Ct  , 

2.  734 

80 . 1 3 

-1.0 

( cont inued) 

f 

t 
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I'alile  II  (conLinucd) 


Comp  lex 

Cu-X' (A) 
(out-of-plane) 
(d) 

Bridge  .Angle 
(i) 

(cm"^) 

[Cu(9MebMP)(:l,,],, 

2.737 

88.17 

- 

1 Cu(pic)  .,Br,,  ] T 

3.872 

100.4 

-2.5 

1 Cu  ( tmen)  br ,,  ] ^ 

3.20 

95.6 

-2.0 

[ Cu(dmen)  br^  | 

2.868 

83.71 

-1.0 

It  our  previous  concepts  were  correct,  we  would  predict  that  at 
bridging  angles  near  90°  the  ground  state  would  be  the  triplet,  but 
that  as  we  deform  the  system  (in  either  direction)  we  should  begin  to 
see  singlet  ground  states.  It  is  apparent,  unfortunately,  that  there 
is  another  variable  here  - the  out-of-plane  Cu-X'  distance,  d.  We 
anticipate,  therefore,  that  we  can  write 

.1  = f(±,d) 

since,  obviously,  an  increased  value  of  d will  attenuate  the  overlap 
and  deirease  the  magnitude  of  d.  but  while  the  magni t ude  of  .1  is  a 
I unction  I'f  both  and  d,  the  sign  of  .1  should  be  a function  of  i onlv, 
w'ith  the  C'-dependence  described  above.  We  obviously  have  only  a limited 
number  of  data,  but  it  is  true  that  (at  present)  all  complexes  with 
bridge  angles  between  87  and  93°  have  triplet  ground  states,  while  all 
complexes  with  bridge  angles  outside  of  this  window  have  singlet  ground 
states.  The  data,  then,  are  consistent  with  our  prediction,  although 
the  availabilitv  of  onlv  one  complex  with  a triplet  ground  state  diminishes 
their  reliabilitv  as  a test  of  our  theorv.  Moreover,  the  precise  nature 
ol  the  dependence  of  .1  on  d remains  to  bo  discovered.  Presumably,  from 
the  .above  discussion,  .1  is  dependent  on  .‘ib  [ i . e . , '90°-C  ] and  on  d , 

where  n neeil  not  be  integral  and  may  itself  be  a function  of  d.  We 
shall  need  more  data  to  unravel  this  problem. 
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^uinmar^'  of  Research  Activities: 

(1)  Surface  Comple.xes;  NSF--MR1. 

Experimental  studies  of  surface  complexes  formed  on  evaporated 

litbiuiii  films  have  been  continued.  Tlie  structure  of  transient  litliium 

peroxides  Like  species  formed  on  litliium  surfaces  is  sought.  These 

species  may  be  involved  in  formation  of  epoxides  and  may  serve  as 

polymerization  catalysts.  The  relative  rates  of  reaction  of  surface 

with  H,,0,  0.,,  and  N,,  have  been  observed  at  room  temperature.  Several 

features  in  the  ultraviolet  photoelectron  spectrum  of  lithium  plus 

water  have  been  clearly  identified  witii  surface  Oil  (3.7  eV  below  Ej. 

assigned  Ibj  and  5.7  eV  below  E^.  assigned  la^^).  Additional  features 

have  been  tentatively  identified  as  contributed  by  a peroxide- 1 ike 

entity  (very  strong  peak  at  5.3  eV  below  E|-  I'lus  other  peaks  at 

greater  binding  energy).  Additional  collection  of  electron  spectra, 

calculations  of  electronic  levels  for  assumed  species,  and  observa- 
1 <S 

tioiis  of  ' 0^  adsoi'i’tion  and  desorption  are  in  progress  to  clarify 
the  tentative  identifications. 

(2)  Nonlinear  Pliotoionization  of  Donors  in  Fluids  and  Liquids;  NSF 
Tile  molecular  features  of  donor  and  the  collective  molecular 

behavior  of  solviuit  that  cause  and  control  solvent  Induced  release 

II 
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ol  i' 1 L'l- 1 rons  I rom  jiUoLo-cxciLod  donor  molecules  into  Llie  quasl-lree 
eleeiroii  st.,Ues  of  neopeiuane  and  t.e  L rame  thy  i silane  are  souglit. 

'l'liri.-e  iiieLliods  lor  study  of  the  phenomenon  are  being  developed; 

a)  variation  of  fluid  density  from  gas-like  to  liquid-like  values; 

b)  comiiari.son  in  the  same  donor  of  direct  eiectron  ejection  via 
multii>hoton  ionization  witli  induced  electron  release  from  states 
exciteil  below  the  ionization  potential,  and  c)  comparison  of 
photoionization  by  a coimiion  mechanism  for  simple  diatomic  and 
monatomic  elintron  donors  to  |iho toion i za t ion  from  large  pcjlyatomic 
species  witii  l)i>tli  classes  of  molecules  contained  in  similar  media. 

During,  the  past  year  wi’  have  contirmed,  with  modified  experimental 
arrangement,  selected  results  that  liad  been  previously  obtained. 
Development,  con:;  1 rue t ion , and  testing  of  an  operational  test  cell 
tor  work  in  super  critical  liuids  is  now  virtually  <-omplete. 
Instrumentation  for  measurenuuU  of  picoampere  current  in  test  cell 
at  dOo'^'t;  anil  300  atm  has  been  completed.  Instrumentation  for  pressure 
testing  after  each  cell  refilling  has  been  completed.  Testing  of 
cell  under  operational  cumlilions  is  70  comi'lete. 

Implementation  of  pulsed  laser  techniques  to  assist  in  under- 
standing the  dynamics  of  solvent  induced  electron  release  has  been 

partly  conqileted.  A laser  oscillator  has  been  ri'woiked  from  use 

3”^ 

with  ruby  to  use  with  Nd  : glass.  A pulse  switchout  and  slicer 
has  been  secured  but  appropriate  frequency  multiplying  crystals  have 
not  yet  been  received. 

We  have  successfully  demonstrated  resonantly  enlianced  multiphoton 
ionization  from  donor  molecules  possessing  sharp  but  well  separated 
transitions  and  have  shown  the  direct  multiphoton  ionization  to  be 
weakly  influenced  by  a 1000-fold  increase  in  fluid  density. 

Quantitative  studies  of  the  effect  are  in  progress.  A similar 
resonantly  enhanced  multiphoton  ionization  has  been  observed  in 
the  tetra-alkyl-p-phenylenedlamle  donors.  In  these  substances  the 
states  at  the  one  iiuantum  level,  where  the  resonance  is  presumed  to 
originate,  are  i nhomogeneous 1 y broadened  by  their  internal  motions. 

The  strength  of  the  resonant  enhancement  in  this  case  was  somewhat 


i s i ii;',  aiui  is  vat  to  1)0  iiu.mt  itat  i vol  y exam  uiod . We  believe  tiiaL 
iliis  ob.seivat  ion  ileiuoiis  I ra  I es  , as  orij;in;i  1 Ly  proposed,  that  multiple 
photon  ionlxation  slioulJ  he  very  usetul  .as  a tool  to  examine  contrasts 
hi'tween  medium  indiui'd  ch.irj;e  release  1 rom  bound  excited  states  and 
j'.enuine  I'U'ctron  ejection  where  both  processes  or  ly.iit.tLe  from  ,i 
common  dt'iior  in  simil.ir  I'uv i ronmenl . 
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Ihib  l iji^i  t i ojis  : 

1).  R.  Fraiu-esclu'l  t i artil  ,1.  R.  Macilonald,  Oomment  on  "Tlieory  and 
Analyses  ol  the  A-tl.  Olia  rac  1 1‘ r is  I ies  ol  Di'fis-t  I’liin  Film  In- 
sulators," .1.  Appl.  I’liys.  47,  4222  (1476). 

.1.  R.  Macdonald,  I).  R.  Francescliet  t i , and  R.  Meaudre,  "Kloctrical 
Response  of  Mati'rial.s  with  Reeombinin;;  Sinieo  Oliari;e,''  accepLei!  by 
d.  I’hvs.  C:  Solid  Stale. 

I).  R.  Franeeseliet  t i and  d.  R.  Macdonald,  "Klectrode  Kinetics, 
Fapiivalent  Circuits  and  System  Characterization:  Small-signal 

Coiul  it  ions,"  accepted  Iw  d.  K lec  t roana  1 . Cliem. 

1).  R.  I'rancescliet  I i , "On  Recomlt  inat  ion  Kinetics  in  Tlieories  of 
Small-signal  Electrical  Response,"  accepted  by  I.  Appl.  Fhys. 

Summary  of  Research  Activities: 


(1)  Comment  on  "i'heory  anil  Analyses  of  the  A.C.  Characteristics  of 
Defect  riiin-film  Insulators";  NSF 

1).  R.  Fr.ini'es(diet  I i and  .1.  R.  Macdona  Id 

A theory  ol  me t a 1 - i nsul at or-me t a 1 thin  films  proposed  by  Nadkarni 
and  Simmons  is  examined  in  relation  to  earlier  treatments.  Attention 
is  (.Irawn  to  approximations  iniK'rent  in  the  theory  and  phy.sical  pro- 
ce.sses  not  con.s  iileri'd  by  the  authors. 

(2)  Eleil r ica 1 Response  of  Materials  with  Recombining  Space  Charge; 
NSF 

I.  R.  Macdonald  and  D.  R.  Francescliet  t i 


I'he  small-signal  transient  and  sinusoidal  steady  state  responses 
to  a material  with  generation  and  recombination  (C./R)  of  charge  were 
examineil.  Explicit  consideration  was  given  to  systems  in  which 
immobile  positive  charge  and  mobile  negative  charge  arises  from  the 


dissociation  of  intrinsic  or  donor  centers  and  recombines  bimolecu- 
larly.  The  moh i 1 1'  iharge  was  allowed  to  react  at  the  electrodes. 

An  I’xact  solution  lor  the  steady  state  admittance  of  the  system  was 


ol)l  ,i  iiiL’J  , aloii)',  wiLli  exact  and  appri'x  imato  eipi  i val  cut  Circuitb. 
Simpl'c  approxiniato  inpiivalent  circuits,  made  up  cntirelv  if  fre- 
‘piciu-y- iudcpi'iulcn t (.  Icmcnts,  .vhose  ridations  to  liasic  -.aalcrLal 
properties  wore  di'lermined  in  cases  oi  interest,  were  found  to  ap- 
proximati'  the  i-xact  ailmittance  to  better  than  oiil'  p>. cent  for  ail 
fre([uencies  and  lor  realistii-  (1/R  conditions  in  the  completely 
hlockinp.  situ.il  ion.  Simil.ir  accuracy  was  obtained  lor  partly 
lilockiii)’,  cond  i 1 imis  proviiUil  h/R  and  electroue  reaction  time  con- 
stants were  well  si‘paraled.  Tlie  approximate  equivalent  circuits, 
which  represent  a mori‘  ac  curate  and  .-.impler  S'slution  ot  the  system 
than  available  lu-retofore  and  are  thus  ap[)ropr  i .t  t e for  data  analy- 
sis, lead  to  a transi..'nt  response  made  up  ot  the  sum  of  two  expo- 
nent iai  decays.  Comlitions  wore  considered  for  the  appearance  of 
appri'ciahle  (l/R  effects  in  either  admittance  or  in  transient  cur- 
rent decay  after  a small  step  function  of  voltage  is  applied  to 
the  systi-m.  It  was  concluded  that  for  ionic  conductors  and  for 
m.iny  electronic  semiconducting  materials  recomh  inat ion  times  will 
he  sul  f ii- lent  ly  short  that  only  minor  t'./R  effects  will  be  apparent, 
(i)  Ktiuivalent  Circuits  and  System  Characterisation:  Small-signal 

Cond  i t ions  ; NSF 

.1.  R.  Macdonald 

i'he  sma  I 1 -s  i i’.na  1 steady-state  n sponse  around  the  pi' int  of  zero 
charge  ot  an  electrode/material  system  was  examined  for  an  un- 
supported el  I'c  L ro  1 vt  i'  (material)  with  two  species  of  charge  carrier 
ot  arl'itrarv  mobilities  and  valence  numbers  and  with  arbitrary  in- 
trinsic/ex  t r i ns  ic  conduction  character,  taking  full  .account  of 
bulk,  electrode  reaction,  sequential  adsorption,  and  diffusion  pro- 
cesses. I'be  ex. let  solution  of  the  transpi'rt  equations  for  gener- 
alized Ch.ing- lat  f e single  point  boundary  conditions  was  compared 
with  the  responses  o|  ,a  variety  f plausible  equiv.tlent  circuits, 
using  a complex  least  squares  fitting  technique.  A new,  hierar- 
chical circuit  was  t omul  which  closely  reproduces  the  ex.act  re- 
sults when  ch.irj'o  of  one  sign  is  completely  blocked  without  .adsorp- 
tion, except  for  somi'  of  the  cases  in  which  diffusion  and  reaction 
('fleets  interfere  with  e.ach  other.  The  circuit  is  composed  of 
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1 1 >-(ln>‘ur  V- i luli'iH'iuli’ii  t I I'.ip.u' i t anri’s  aiul  res  i slanci’s  soparatelv 

ill.  111  it  i.'il  willi  hulk,  tcau  I i on  , aiul  ail  so  r|U  i on  / rear  L i on  processes 
anil  ,1  siiii'.le,  I i n i 1 1— 1 enp,  I li , Warliurp,- 1 i ke  iraiiedance  for  dLt'fusi.on 
etleels.  Kelal  ions  l)iOweiMi  llie  clreuil  elements  and  m i f roseop ic 
e I ec t rode/m.it er ia 1 paramelers  were  found  and  apply  Irrespective  of 
Uie  t i me- f reipienc  V ovi'rlap  between  luilk,  reaction,  and  adsorption 
processes.  It  was  also  I oiuid  that  tlie  reaction  and  adsorption  re- 
sistances and  till'  adsor[)tion  ca[>acitance  ari'  all  strongly  inter- 
related. The  circuit  mav  he  used  with  simultaneous  nonlinear  least 
stpiares  lit  tin)',  of  the  real  and  imaginary  parts  of  experimental  im- 
pedanci'  data  to  olitain  est  imates  of  the  v.alues  of  circuit  elements 
and  thus  ol  the  microscoi>ic  parameters  characterising  tlie  electrode/ 
material  system. 

(4)  KU'ctrode  Reaction  Kinetics  as  a Boundary  Value  Problem:  Small- 

signal  Pond  i t ions;  MRI.-NSF,  NSF 
i).  R.  Fraitcesclu't  t i and  .1.  R.  Macdonald 

the  ri'lnt  ionship  of  snia  1 1 -s  i g,na  1 ri'sponse  for  overpotential- 
dependi'nl  elect  roih'  kilu'tics  to  that  obtained  for  tiliang-,1  a f f e 
houndarv  cond  i I ion;;  w.is  examined  in  detail.  Tlii'  reaction  resistance 
and  adsorpt  ion  capacitance  were  found  to  be  formally  identical  for 
Bu  t 1 er-Vo  1 mer  (or  Bu  t I e r- Vo  I mer- I i ke  1 and  tihang,-.!  a 1 f e conditions. 

In  the  dc  1 imil  these  quant  it  ii's  were  found  to  remain  unchanged, 
lor  the  houndaiv  conditions  just  mentioned,  when  a supporting  elec- 
trolyte is  added.  A transfi'rmat  ion  of  variables  method  was  de- 
vised which  permits  one  to  deti'imine  the  small-signal  impedance  of 
an  i' 1 ec  t rode/ma  t e r i a 1 sysli’iii  with  g.eneral  overpot  ent  ia  1 -dependent 
first-order  electrodi'  retiction  kiiu'tics  from  a compai.  t- 1 ayer  model 
lor  the  .small  sippial  overpotent  ial  and  the  small  signal  response 
obtained  lor  C.hang,-d.if  fe  boundary  conditions.  Fxact  impedance  re- 
sults were  determined  for  the  case  of  a single  species  of  mobile 
charge  I'arrier.  Analysis  of  this  case  indicates  tlutt  the  over- 
potent  itil  dependence  of  the  boundary  conditions  has  negligible  el - 
lect  on  the  sma  I 1 -s  i g,na  1 ri'sponse  unless  tlu-  ceil  is  ol  microscopic 
thickness  or  the  Debye  leng.th  is  comparable  to  the  compact  laver 
thicknest;  and  I lu'  eliwlrode  reaction  is  slow. 


Cl)  Ki'i'oinh  i ual  ion  KinoLios  in  Tlieories  of  Small-signal  Electrical 
Respoiua*;  NSF 
1).  K.  I•'ran(■escilet  L i 

It  was  found  ti\al  sma 1 i signal  electrical  response  results  ob- 
tained for  generat  i on-ri’comli  i nat  i on  or  trapping  rate  laws  appropriate 
to  a neutrai  eiaiter  dissociation-association  meciianism  encompass  tiio 
e i I'l- 1 r i ca  i response  to  iie  expected  for  otiier  frequently  encountered 
generat  i on- recomil  i nat  ion  or  trapping  rate  laws  under  a wide  range  of 
I'ond  i t i ons  . i'.xpress  i ons  were  i ound  reiating  tiio  rate  constants  in 
such  kinetic  I'xpta’ss  ions  to  various  definitions  of  ciiarge  carrier 
i i fi’t  imes  in  sem iconduc tors  ami  ionic  conductors. 

((i)  Nunwricai  Simulation  of  Electrical  Response;  NSK,  MRL-NSK 
I).  R.  Krani'escliet  t i 

(.'umputer  algoritlims  were  developed  for  the  simulation  of  large 
.si'.’.nal  transient  I'li’ctrii’al  response.  In  Lite  large-signal  case  tlie 
ispiations  ol  ciiargo'  transport  are  in  general  too  complicated,  owing 
to  tlieir  noTi  I i iiiM  r i t V , for  I'xact  analytic  solution,  but  lend  tliem- 
seivi's  r.Mdilv  to  numerical  solution  liy  finite  difference  tilgor  itiims . 
At  till’  time  ol  tliis  reiiort  working  versions  of  a fully  implicit  and 
liattiallv  impluit  (modified  Crank  Nicholson)  computer  program 
havi’  liei'ii  achieve.l.  I'liese  ;irog,rams,  whiih  allow  v.ariable  step  spac- 
ing, in  both  posit  ion  .ind  t inu',  are  curriunly  being  optimized  and 
compared  tot  accur n v and  ecotiomv  of  opi'ration. 
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Summary  (O'  R,'se.arch  Act  i v i t i e.s  : ] 

(I)  Redox  Catalvsis  Ps i ng  Transition  Metal  Complexes.  F.  R.  Keene, 

B.  P.  Sullivan,  P.  .1.  Salmon,  B.  A.  Moyer,  I.  A.  Baumann,  N . Penis.  i 

(NSF-MRK,  NSF)  ! 

ul  2S  1 

Rut  hen  ium(  1 1 I )-n  i t ro  complexes  like  ( Ru  (hpv) ,,  (NO, ) pv  ] (hpv  is  > 
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I iv  1 roclii'iiii  r.i  1 I V (Irivon  i-onviTS  i ons  ol  pliospliines  to  phosphine  oxides, 
sulfides  to  su I I ox i di’s , aldohvdos  to  aoids,  and  aromatic  compounds  to  phenols 
aiul  (pii  nones. 

Oxidation  of  | Rii  (hp  v)  ,,  ( pv ) H ,^0  1 “ hv  Ce(IV)  occurs  first  to  Ru(lll) 
and  th.'ii  to  the  poroxo  .-omp  I ex  ( ( hpv ) ^ (pv  1 KuO,^Ru  (pv)  (hpy ) ^ 1 pt^ooxo 

ion  appears  to  have  the  chemical  Iv  exploit.ahle  iiropertv  of  acting  as  a RuCiV) 
oxv  I ox  illation  agent  . 

(2)  Fleet ron  Transler  I’rocesses  of  Metal  Complex  Fxcited  States.  R.  C. 
Young,  C.  1’.  Anderson,  II.  Spr  i nt  schn  ih , J.  Nagle. 

(NSF) 

It  has  been  shown  that  the  excited  states  of  metal  complexes  can 

undergo  both  oxidative  and  reduct iv<-  quenching  even  including  examples  of 

2+* 

non-emitting  exeit.'d  states.  The  CT  excited  state  Ru(hpy).^^  is  thermo- 
dynamical 1 e eapahle  ot  both  ox  i d i i ng  and  reducing  water  at  pH  7 and  some 
prog.ress  has  been  made  in  tbe  phot  ocat  a 1 vzed  splitting  of  water  using 
related  complexes. 

(!)  Mixed-V.i  I cnee  I’olvmers.  B.  I’.  Sullivan,  M.  .1.  Rowers,  J.  A.  Baumann. 
(ARO) 

Insight  has  been  gained  into  the  nature  of  metal-metal  interactions 
between  ruthenium  ions  in  mi xi'd-va I ence  dimers  with  regard  to  the  influence 
of  both  bridging  and  non-bridging  lig.ands.  l-’e  are  eurrentlv  turning  hack 
to  the  preparat  ion  ol  polvmi'ric  eonqilexes  where  polvmer  design  is  based  on 
t he  i ns  i ght  ga  i ni'd  . 
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(4)  I mmi'l' i 1 i /I'll  mil  Surt’ari'-At  Inrlied  Comp  I oxt’s  . 11.  W.  Spr  i n tschn  i k . 

(NS  I') 

StiuUos  on  I ho  Hurt', ICO  ami  polvmor  nttnchmont  chemistrv  of  metal 
hipvriilinc  oomploxos  li.is  boon  initiatoii.  Tlio  rhomistrv  is  based  on  forming 
ohcmioal  linkap.os  in  reactions  bi'tweon  ligand-attached  acyllialide  groups  and 
-Oil  or  -Nil,,  groups. 
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Kacul  _Mombj.-r : Karl  N.  MiLrhoLI 

Pro  lessor  of  Physics 

lU'j^earcJi  Associate:  ,1.  Howel  ] (MRL-NSF) 

Graduate  Student : T.  C.  Ma  (MRl.-NSF) 

Sjjimna r^  o j^jteso;:! r c h A_c_t_iy  it  tes  : 

(1)  Studies  of  the  F.iectrical  Properties  of  Polymeric  Films; 

MR  I- NS F 

The  project  to  study  the  feasibility  of  making  photovoltaic  de- 
vices (solar  cells)  using  polymeric  films  is  being  phased  out.  The 
films  studieil  showeil  conductivities  which  were  quite  Low  and  hence 
would  have  to  be  (piite  thin  to  be  useful.  Films  thin  enough  to  be 
contenders  for  such  an  application  exhibited  breakdown  characteris- 
tics similar  to  oilier  polymeric  films  or  were  shorted.  Efforts  to 
discover  the  source  of  t lie  presumed  nonuniformities  in  the  material 
which  caused  the  breakdown  were  unsuccessful. 

It  was  establishetl  that  the  surfaces  of  the  polymeric  films  were 
heated  substantially  when  metal  electrodes  were  evaporated  onto 
them.  Most  of  this  heating  came  from  the  evaporated  metal  but  some 
radiant  heat  ing  also  occurred  if  the  evaporation  was  long  enough. 

llowevi'r,  it  has  not  been  possible  to  make  films  of  the  proper 
thickness  and  breakilown  characteristics  in  order  to  determine  if 
the  healing  is  the  cause  of  the  presumed  nonuniformity  in  the 
I i 1 ms . 

(d)  Studies  of  till'  Electrical  and  Optical  Properties  of  Conducting 

Glass;  MRI.-NSF 

A project  to  study  chemically  modified  electrodes  for  electro- 
catalysis applications  continues  in  the  Chemistry  Department  at  UNC 
as  part  of  the  CMS  thrust.  Conducting  glasses  are  important  as  ! 

intermediate  inert  conductors  in  such  studies.  if  conducting  glasses 
could  he  attached  to  certain  metal  electrodes  significant  improve- 
ments could  be  achieved  especially  in  so  far  as  geometry  is  con- 
cerned . 

A program  has  been  started  to  try  to  make  conducting  (NESA  type) 
glasses  using  the  technique  of  RF  reactive  sputtering.  Tin  oxide 
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(’lassos  iiavc  lu’on  proparoj  by  Klootron  Koam  evaporators  and  re- 
sist ive  heal  ini’,.  llowevi-r,  tliesf  (glasses  show  absorption  in  the 
visilile  part  ol  the  speetriim  indicating  I lie  presence  of  defects 
in  tlie  films  whii'h  could  be  attributed  to  oxygen  deficiencies. 

It  is  e.xpected  th.it  t ilms  m.ide  bv  KK  sputtering  will  not  show 
sucli  defect.s  since  composit  ion  • ’■  hi-  . lui t ro  1 1 ed  more  preci.sely. 

Doping  sliouUI  prove  rel.it  ivelv  simple  since  this  c.in  be  controlled 
by  electrode  comiuis  i t ion  . 


I'ai'ullv  Mc'iiiln' I' : JiKlith  K.  Mcnulv 

Assistant  Prornssor  of  (looloj;v 

(iraduato  Sludonts:  I'i.  IIuiuIIl’v  (MRL-NSK) 

1).  Moyer  (NSF) 

.1  . Mo  nr  ad 

I't  her  Snppo  I' t i ny  A^tonoios:  Natii'iial  Si'iom'o  Ft'unda  t ion  , 

Fnivi'rsity  Kosoaroh  liouno  i I 

Pul)  I i_i  a t i I’ns  : 

d.  B.  Moi'dv.  "Soi'iHuil  inization:  A Rovit'w,"  l.ithos,  !25 

Ud76)  . 

d.  il.  MoihIv  , "An  F.x[)o r i men t a I Sluilv  on  t tu'  St'r|)on  t i n i za t i on  ot 
I ri'n-Hoar  i np.  Olivines,"  ('.an.  Mineral.,  14,  4(i2  (!d76). 

.1.  li.  Mootiv,  "linpIiiMl  ions  ol  l,.ninion  t i 1 1-  Stability  on  tlie 
Fvaluation  ol  F.uilt  Ca|iah  i I i t \ " Oeol.  Soe  . America, 

Abstr.aets  witli  Progr.ams,  S,  1 b8  (1977). 

.1.  B.  Moodv  and  M.  1..  Svkes,  "Pv ri'ptiy  1 1 i t e and  Associated  Low 
Orade  Metamorphism  in  Southern  Appa 1 ,ich i ans , " Oeol.  Assoc . 

Canada,  Program  with  Abslrai-ts,  2,  37  (1977'). 

Summarv  ol'  Rese.irch  Ac  t i v i t i i;^s  : (MRL-NSF) 

Ciptical  .ind  transmission  I'lectri'n  microsi-opic  (TF.M) 
obsiM'va  t i I'tis  were  di'iu>  on  the  n.iture  c>l  the  sliiiing  surlace  of 
Cr.ib  Orchard  o r t hotpia  r t z i t e suliji'cled  1 1'  sliding  friction 
I'xper  i men  I s (Haves,  I97S;  Dunn  (v  Haves,  IP7S)  ;i  t a constant  strain 
r.ile  ol  . S X 10  ' .sec  ' with  v.iriatii’n  in  pore  tluid  cliemistrv 

iw.Oer  .uni  dodecvl  ti'iim'lhvl  .immonium  bromide,  I'T.AB)  . X-r,iy  , 

('I'tical,  TI'.M  ami  scanning,  electron  microscopy  (SFM)  ohservat  ions 
Were  also  madi-  on  tlu'  gouge  produc'ed  in  tlu'  exper  iiiuaits . 

Me. isu remen  1 s on  doub 1 v-po 1 i shed , etched  thin  sections  cut 
I'erpeiid  i cu  1 .tr  to  t hi'  sliding,  surface  determiiu'd  the  nature  of  tlie 
sliding  surl.ice,  the  numtier  ol  plucked-out  grains,  d i saggr egra ted 
grains  and  i n t r.igr.inu  I a r iracks  for  a constant  distance  along  tlie 
sliiiing  surlace.  All  of  tin'  tested  samples  liave  a decreased  number 
of  d i saggreg,!  at  ed  grains  and  .in  increased  number  of  i nt  ragranul  ar 
cr.icks  compared  to  the  untested  sam|iles.  For  a constant  confining 
pressure  (P  ) I'f  900  batu,  without  .inv  pore  (iressure  optical 

measurements  slu’w  the  same  results  wlu'ther  the  sample  was  wet 


49 


( >,,U  u r.i  I I'll  with  w.itcr  nr  DTAiS)  nr  drv:  .ui  imrnisid  .ixiil 

li  i ;p  1 .'li'.  •bill'll  I innriM-  •;  t hn  mimlii'f  nt  i n t i r,  r.;nii  i if  ■ r.ik'-. 

Aiitl  i t inn  nl  .1  !’  (d^t)  li.irs)  nt  nninU  nit  I’  dr--' mnsn--;  thn  luimi  c r 

1>  '■ 

nl  i n t r.n.’,  r.inii  1 .1  r nr. inks  Tnr  thn  s.'imn  .ixi.il  d i sp  1 annmnnt  . Twn 

1)1  AB  .s.inipli's  with  I’  hOO  bars.  I’  .!'■>()  i'.irs  shnwH'd  a dt'nriMsnd 
' I’ 

numhnr  nl  i n t r.i;’,  r.i  nu  1 .ir  nranks  with  i nn  ri,‘.a.s<’il  axial  d i sp  1 aonraeiu  . 

Thn  luimhnr  nl  plunknuis  .iikI  il  i s.i  jtp  ri“;k  "a  t I'll  pr.iins  am  rt  l.ited  tn 
I hn  .stiikslip  hi'li.ivinr  during  ihn  i'X|H' r imnii  t , i . t . . thn  magnitudn 
nl  thn  t’nri'n  nninssarv  tn  pnuin.'n  slip  .ind  thn  magnitudi’  nl  the 
slrmss  ilrnps  with  innmastHl  .ixi.il  d i sp  I anniiU'it  t . Twn  nnrrn!  .it  inns 
wnrn  nhinrvnd:  (I)  I hi'  mimbnr  nl  plnnknnt.s  dnnrc.isnd  with  irn'ma.snd 

■ ixi.il  li  i sp  I .inniiinn  t I nr  thn  drv  and  wati'r  sara)iii'S  with  P = 500  bars, 

I* 

I’  I),  .nui  (d)  till'  luimlu'r  ni  d i saggrn>;rat  nd  grains  dnnrnasns  with 

i!'..i;tn  i t ndn  ni  Inrnn  iii'nn.ssarv  tn  prndiint'  thn  stink-slip  hnhavior. 

\'n  v.iri.il  inn  in  snhg,r;iin  bnnnd.irins,  il  i ,s  1 nn.it  iini  dnnsity  nr 

natnrn  ni  tlm  disinn.il  inns  was  fnund  in  thn  TKM  idisi'rv.i  t inn.s  nt 

in  i I s m.i.ln  I rnm  dnnb  I v- |>n  1 i slu'd  tliin  snntiniis.  Thn  high  dislnn.ttinn 

-iH  9 J 

dniisilv  nl  thn  untnstnd  s.iiiiplns  (10  - 10  /nm  1 prnniudnd  any 

dni  t rm  i n.i  t in'i  ni  i nn  rn.i  si'ii  dislon.itinn  dniisitt  in  thn  nxpnr  imen  t.a  1 
s.inplns.  Hnwnvnr,  .;  p.ir.illnl  alignninnt  nl  thn  d i s I nn.i  t i nns  w.is 
nn  I nd  in  Si''im  i<l  t lin  nxpnrillinnt.il  s.linpins. 

riin  pns.s  i h i 1 i t V nl  till'  prnsniini'  ni  glass  in  t hi  gnugi'  is 

indin. Ill'll  in  thn  prnsnnm'  ni  .in  .imnrphinis  n.itnri  il  in  thn  TPM 

whinh  wnn  I d nnl  i vi'  .1  dill  r.n  I inn  p.itti'rn.  tlptin.il  and  SEV.  .ibsnr- 
vatiniis  nl  ;hn  )’,nii)',i'  slinwi  .1  nniis  i diT.ib  I n V. iri.it  inn  in  thn  sitin, 
idi.ipn.  ind  wnldiii'.t  ni  tin.'  gnugn  I r.igmnti  t s , wiiinh  n in  hi-  iilatnd 
tn  thn  nx|H’ r i iiinii  I .1  I iniui  i t i nns . Thn  unit  nnll  ;'irinilir-  .'t  ■jii.irtT: 

in  till'  g.nngi'  did  nnt  shnw  aiiv  v.iri.itinii  iinr  w.i--'  tin  pr.  i nf 

.111  iiiinrplinn;;  iii.it  nr  ia  I dntnrtnd  in  thn  X-r.i\  r.  '-nit-. 
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IV  !'('r'hi*i  : \ . '’Mrra\' 

I'l.ilfssui  al  Chomistrv 


HrsiMrc.'h  .As.sih-  i.it  cs  : 


I i I'.uiii.i  I !■  M luli’iit  s ; 1. 

C 

n 

K 

n 

,1 

11 


I’.  K.  Moses  (MRI.-NSI’) 
.1  . (■ . l.emiox 
il.  0.  I’ ink  Ion 

M.  i.’ior  (Mi;i,-::sr) 

K.  Martin 
r.  Sniilh 
0 . Kook  1 i n 
K.  KoJison 
K.  l.onhnril 
Ab runa 


otlu'i  :'ii|)jiort  i njjj_j\2;oiu'j.’ : ‘isr  ('!u>n'.  ist  ry  Dtvisii'ii 

iM  1 ioo  ot  Maval  Rosoaroli 


Hii'' 

C.  M.  riliolt  aiul  R.  Murrav,  "Chor- ioa  1 1 v Mc'bilioii  Carbim  I'.loct  rodos , " 
Anal.  Cliom.,  , 1247  (l‘'7b). 

1’.  R.  Miisos  and  R.  W.  Murrav,  ''(Ihorioal  1 y Miulilioti  1'.  lec  t rodes . 111.  Sn(' 
anil  Ti('  K 1 oot  rodos  I’.oariny  an  1' 1 oct  roao  t i vo  Roagont,"  .1.  .Amor.  Clier..  Soc  . 
9_8,  74 'S3 

I,,  'i  . Minims,  M.  A.  MoKniylil  and  R . I'.  Murray,  "Spoo  t ropluH  omet  r i o Study 

ol  I'ovi'rap.o  and  Aoid-baso  l'.i|u  i 1 i b r i um  ol  a (Mioin  i oa  11  y Bondod  Ba.se," 

Anal.  bhin.  Ai  ! a , in  I'l'oss. 

1).  V.  rnlorol.oi,  .1.  ('.  I.onno.x,  L.  M.  V.'ior,  R.  !’ . Moses  and  R.  V..  Murray, 
"Cbenii  0.1 1 ly  Modilioii  I. loot  rodos.  IV.  rvidonoo  lor  I'ormation  of  Monolayers 
of  Bonded  I'rp.inos  i 1 aae  Reagents,"  .1.  Kleotroanal.  Clieni.  , ]J_,  392  (1977). 

1).  b.  Davis  and  R.  V’.  Murray.  "Surface  K 1 ec  t roobom  is  t ry  of  Iron  Rorphyrins 
;ind  Iron  on  'i  in  Oxitlt'  l.loct  rocies , " Anal.  CluT.'.,  4^),  194  (1977). 

B.  dirtli,  I..  I..  Miller,  M.  Mitani,  T . Ropers,  .1.  C.  I.onnox  and  R.  V.'. 

Murray,  "/'nodio  ,ind  bathodlo  Koaotlons  on  a C'.bomi  o.il  ly  Modified  F.dge 
Surface  of  draphito,"  .1.  /\mer.  ('.hen.  Soc.,  8271  (197(i). 

r.  R.  Moses  and  R.  V,’.  Murrav,  "('horic.ally  Modified  Klect  rodos . V.  Covalent 
Binding  ol  a Ri'vorsiblo  lloctroilo  Ri'.ict  ant  to  Ru('  R 1 ect  rodes , " .1.  Rlectro 
.inal.  Clioiii.,  ]2,  193  (19/7). 

.1 . R.  I.onh.ird  .uid  R.  f.  Murray,  "Clu'mi  ca  1 1 y Modified  i'.loclrodes . VII. 
Ci'valont  Bonding  of  a Rovorsiblo  I'.lectrodo  Re.ict  ant  to  Rt  Rloctrodes 
U.sin>'  an  t'rganos  i 1 .me  Reagent,"  .1.  R 1 ect  ro.ina  1 . Chen'.,  78,  0000  (1977). 


. . ('.  I I'liiu).-.  .iiul  r.  Miiriav.  "CIk  1..  i I'.i ! 1 \ 'I'l'ilii.;  I,  I lu  : i luics  . \' I . 

i;  i 111!  i II;'.  .nul  Ki'Vi-rs  i 1.  I > 1 I la' t roi'lK'H' i si  i \-  ot  '!  a 1 i .i  i,.' i luiplicii  y 1 ) I'u  r|ihv  i i n 
oil  . Lissv  i:.ui.ou,  ■ /I  , 0000  (1077>. 

;i  iiii'P'a  ry  ol  Ursi^aiyii  .'i- L i v i I i oj; : 

('lion  i i-a  I I V OikI  i t i oil  I' I oot  rmli-.s  - Vat  or  i a 1 aiul  a V'l-u  pproaoli  lo 

!■  ! oot  1 oral  a I vs  i s 

'I'lii'  hasio  iili-a  in  olioniioallv  raHiilioil  olootroilos  is  to  oovaloiitlv 
IkuuI  a iKonoiiio  I I'ou  1 a r or  snbr-oni'n'o  1 oon  ! a r assorM  v lO'  niolocuJos  t.o  an 
I'loolroilo  snriaio.  A I lu's  is  lO  t iio  rosisiroii,  vhioli  was  1 opnn  in  I*-'?'*, 
is  that  tin's  oi'v.iliiit  boiul  i np  ran  I'o  aoooi 'p  I i shod  hy  priwliotivo  prinoiplos 
ol  si'lid  stalo  svntliosis,  tli.it  1 SOA  o.ni  ho  nsod  to  .in.ilvze  and  oharao  i e r i tie 
I ho  i'oii;|u's  i 1 ion  aiul  stinotnio  lO  tin-  snr  I aoo-svnt  lios  i .'od  noiio  1 avors  . and 
lluil  till'  ohoi.'io.il  aiul  o I oot  i oohor  i oo  I i'to]’ortios  ot  I onnd  nioli'onl.ir 
mono  I .ivo  r s , iiiul  t lin.-.  I ho  chiT.ii.il  and  o I lo  t roolu'i  ii.il  proport  its  ol  the 
olootri'do  snrl.ioo.  '.ould  to  .i  t i i st  approx  ir  a I i on  ho  the  sar'O  as  those  of 
an.ilopons  I roe  i,  o 1 lon  1 ;i  t spooii's  in  solnt  ion.  I'o  the  extent  that  these 
theses  ,iro  I rno , wo  holiovo  th.it  it  will  he  j'ossihlo  1 1'  t .1  i 1 o r-m;ike 
e I eot  roo.i  t .1 1 V 1 i o snit.ioe.'i.  Tin's  o.ip.ih  i I i t v would  h;ive  enornious  technoio- 
p i 0.1  I i ir.p  1 i l at  i ons  . 

ihns  1. 11  onr  pursuit  ol  the  ahove  ideas  has  not  a substantial  suooess 
in  the  protoool  ol  oxperinenti-  desipnod  to  explore  it.  and  our  .'.ntioi- 
p. It  ions  ol  the  lose.iroh  thesis  have  thn:  l.ir  pri'ven  oorreot.  fither 

res.'.irolu  rs  in  .loadein'o  .nul  iiu.ustrial  loo.it  imis  sh.ire  onr  optimisr-  t lui  t 
oherio.illv  ii'od  i I i ed  t leotrodi'  surlaoes  represents  ;ni  exooedinplv’  inter- 
est inp,  .nul  uselul  ai^'.i  ol  i' 1 1'O  t roohei.i  i i-.i  1 lesearoh  anil  potential  electro- 
ohi'i.iioal  t oolini' 1 op  V . I'inoe  our  initial  [uih  1 i I'at  i on  in  1975  on  ihemi  oa  1 1 v 
mod  i I i ed  lull  oleolrodes,  .siyiUlil'’  other  rese.iroh  p.roups  have  hepun 
rose.iroh  prop.r  ims  on  the  ohemio.il  mod  i I i oat  i on  of  r’etal  oxide  oleotrodes 
(lour  ol  these  in  direit  lo  1 1 .ihor.i  t i I'li  with  us).  live  other  rese;iroh 
proiips,  and  ourselves,  ;iri'  tilso  o.irryinp,  out  n so.iroh  on  chemioally 
n'odified  oarhon  surl.ioes. 

Mill'll  ot  the  h.u'kp.round  for  this  repi^rt  has  boi'ii  presented  in  the 
previous  veai's  d i souss i on  to  whioh  the  reader  is  referred  tor  nuri'rous 
bail,  p.i  ound  det.n'Is.  Miioh  ot  tlu'  sip.nitio.int  i.'ork  whioh  was  oonductid 
diirinp,  the  pri'sent  vear  I. as  boon  implant  I'd  in  the  \e.ir's  publications 
and  the  followini  disoiission  ol  research  proj’ii'ss  is  orp.inized  for 
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1 . ' • , 1 1 u‘ I ‘I  I' ' , I'l  1 i t i i' n . 

I I ■ ( In  ■!  ■ I ' . 1 1 I V "■  ni  i I . 1 'll  1!  1 1'  i'  I I Oil  fs  . III.  ir  . - iul  n I 1 1 ■ o i i > >•  3 's  I i . 1 1 i mi 

,m  I I 1 lio.ii  l i VC  c,t)’,<.'iit  (i!S!’) 

l.'c  li.ivi'  p 1 c V i CM!;  I V cst  nh  I I shc(l  lli;il  I'k'l.il  o.\ii.'c  i' 1 1 i I riHU-.'-  .sui'n  .is 
pii'i  .iiu;  lit'  cculil  I'c  s i I an  i /.I'd  with  an  o r;’,.ni(is  i I anc  con  t ,i  i n i u;  a 

|)v  r ill  i nc  I unit  i cn.i  I i I \ . he  cs  t ,il  I i .shed  th.it  this  pvfidine  I nne  t i I'li.i  1 I t y 

eon  Ui  he  i.'et  hv  I ,i  t ed  . piiuiuein;-,  the  surlaei.'  strneture 


Mt) 


or  i (t:i!  ) -- 


where  = .‘hi,  'll 


U) 


It  preveii  pes.sihle  t e el'Servi.'  the  I'h.i’i  ■.  I e.i  I I v i i rever.s  i h 1 1'  rediu'tien  el 
the  ire  I h V I pv  r i d i n i mil  I une  t I luia  I i t v on  these  snrl.u'es,  whieh  eeeiir  at  .in 
elect  redi  pi'teiil  ial  ,1  p|' rex  i ilia  1 1' I V the  sank'  .is  the  selutien  lorr  el  ii'ethyl 
p V r i d 1 11  i uiii . I'lie  qiiantity  of  i- 1 1'c  I roi'hon’ I ea  I I v ri'aetive  iraterial 

.ipp  rex  i r;>  t eil  .i  P'e  I I'ci  I .i  r mene  I .ivi'r  . It  preveil  pessible  to  lollow  the 

eeiirsi'  el  s.'lid  .sl.iU'  sviitlu'sis  of  the  siirl.u'i’  ivet  hv  1 py  r i d i ii  iiip  . and  its 
e 1 ee  t recheiii  ;■  ea  I le.act  i v I t v . hv  l.'TA.  Also,  ion  I'Xfhaiipe  el  the 
siirl.iee  ceiinlei  ion  (X  ) .eiilii  he  lei  loved  hy  l..‘^C'. 

.'Ilheiiph  the  electreeheiiic.il  ik'.ietieii  ehserved  in  this  case  was 
chei'ic.illv  i r re  ve  IS  i h I e , these  ehse  rv.i  t i ens  were  eitrenelv  s i y.n  i f i can  t 
hec.iiisi'  I hev  eeiii.t  itute  t lu'  t irst  un.ii.ih  i pueiis  diT'ens  t ra  t i en  ol  an 

e I ee  t recheiii  i ea  I I V re.ictive  ire  I I'cii  1 1'  cevaU'iitIv  heund  te  an  I'loctrede 

suit. ice.  hot  e that  the  iiieleciilar  chain  cenneetinj  the  electrode  te  the 
pe  t h V I p V r i d i n i 111"  site  is  e I ect  ren  I ca  I I v i n.sn  I ,i  t i nr  . vhich  rai.ses  the 
ipiest  ion  et  the  peeh.inisii;  ot  electron  transter.  i'vo  nechan  i sr.is  can  he 
proposed.  (i)  A I onp- raiip.e  t ransi  er  ol  tiu'  electron  1 1 unite  1 i nr.  "I  , and 
(ii)  A steric.ilK  I ree  r'otii'ii  ol  the  eeniu'e  I I iiy  chain  so  that  the 
I’leleciilar  orhit.ils  el  the  ii  et  liy  I (ly  r i d i n i iiir  sitecies  con’e  into  I reiiuent 
evi'il.ip  with  these  ol  the  electroile  .surlace.  The  latter  r'odel  is 
releireil  to  as  t lu'  ' I loppv  model,"  introuuced  hv  us,  .and  is  sehensit  i ca  1 1 v 


illiistrati'd  in  tin-  lellowinp,  equatiini. 
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111.  ol'si' |■v^■l  t i nil  111  1 cc- L roolu’i.  ic.il  r...,irl  i v i I in  I 'iiintirn  I si:  plv  provi-ci 

Lli  ! iMU'  111  till'  two  P'l'chan  i sms  could  I'o  opor.il  ivc,  l.iii  I'vovidos  lU' 
i ns  i;,li  I 1,  i nt  o vli  ii  ii  . 

(2)  Anodic  aiul  Catliodic  Kiiaciions  on  a i '.liCT' i ca  11  v ’lodirii’d  Kdi’c  Sur:’.ci 
of  drapliiti'  (i.Sr.  I'NIl) 

This  p.ipi'i  was  a ri'.siill  ol  a .ji'int  projoct  villi  iTolisssiii  I..  .‘-'iller 
of  (olorado  Stale  Ihi  i vt' rs  1 t y . Trolossor  'lillor  had  succoeded  in 
altachin;'.  cliiral  aii'iiio  acid  cKters  to  carbon  siirfacos  bv , ostensiblv, 
t ho  I o I 1 ow  i nr  choi’  i s I ry 


The  i' I Ol' t rodos  pio|iai'cd  by  Miller  exhibit  an  enan  t i on'0  r ph  i c selectivity 

in  elect  null,  reactions,  which  is  of  some  inleiest  in  organic  olectro- 

syntlu'sis.  Vv  conceivi'd  of  an  experiment  using,  highly  oriented  pyrolytic 

gr.ipli  i t e (Ili'Pd)  , in  vjh  1 cli  Ue.iction  3 should  occur  predominantly  on  the 

basal  [il.ine  edg.os  of  the  g.raphitic  cry.stal.  In  agreement  with  this 

prodictii'n,  I StlA  and  ch.iral  i' 1 ect  roac  t i v i t y oV  ser  va  t 1 ons  shoved,  a higher 

p'oinil.it  ion  ol  (lie  "K’  groups  on  the  basal  plane  edge  as  compared  to  the 

basal  pi. me  lace.  Tliis  experiment  was  an  in'pertant  demons  t ra  t ion  that 

the  eoii|iling,  eheiiiistrv  Miller  observes  is  depisideiU  on  a reaction  such 

as  that  in  i'.eaetion  5 and  not  on  si  rong  , i i"  reve  rs  i b 1 e cliemi  sorpt  ion  , 

whicli  is  .1  |iersislonl  teelinie.il  probliTi  in  workin;  with  carbon  electrodes. 

(3)  dheriiMlIv  Medified  klecirodes.  IV.  I•■.videnee  lor  rormation  of 
''onolavers  ol  lionded.  i rg.inosilane  Reagents  (NSK,  MRl.-XSl') 

Much  of  our  ciiiT.ie.il  mod  i I ie.ition  work  on  n.etal  oxide  electrodes 
Is  b.isi'd  on  o r)',.mos  i 1 ane  i e.uT  ions  with  the  ret.tl  oxide,  in  which  it  is 
exlrenielv  important  that  the  I on.;. it  i on  ot  silox.nu'  polymers  be  avoided. 

We  desire  a known  s t e ri’oeliem  i ea  I re  l.it  i onsli  i p bi'tweon  the  organosi  larie 
functional  groiipin.r.s  and  the  electrode  surface  in  order  to  understand, 
in  ;t  fundamental  way,  the  eli'ctron  transfer  jirecesses.  In  this  paper, 
we  gathered  a v.irieiy  of  evidenee  I rom  previous  and  recent  research  to 
der.anist  rat  e that  iiiidi.r  properlv  anhydrous  and  mild  s i 1 an  i .tat  ion  reaction 
conditions,  monol  .ivers  .iiul  siibmono  layers  of  o rg.anos  i 1 anos  can  be  formed 
on  metal  oxide  surf. ices.  I he  evidenee  gtatlierod  included  o 1 ec  t roeher'iea  1 
coverage  dat.i,  coverage  data  b.ised  on  optie.al  absorbance  of  bound 
cli  roniophores , bSCA,  and  reaction  eondition.s.  The  d;tta  is  not  sufficiently 


IMi-  i.sc  i".i  !.hU-  t !u  oiH'.’u;  i 011.1  I toii'MI  ion  o.  ;i  : c •,  juT.onl  o'  |'o  I vr  o r i o 
I'lat  or  i .1 1 on  l ho  !•  I i,'ot  rodo  surlacos,  Init  doliniwlv  rulos  oiiL  l ho  ;om-r.'!l 
|ii  L'MMii'o  ol  ;.io-;s  l.i'.ors  of  |iolvnu’i'  I ruiM  ui  os  . 

;i  i I an  i ;'.i  I i on  lo.i,  lions  havo  boon  nsoci  cxtrorolv  vicii’ly,  cspoc' i 11  y 
on  silii'.i  sniMaoi’s.  Manv  silanization  reaolions  a ro  do  1 iboraf  o 1 v 
ooiuhiotod  nndoi  oonditions  Joadiiii.’,  to  snrlaoo  polyror  fornation.  (Uhors 
.iri'  oondiu'toii  imdiT  oonditums  in  which  ivonolavor  loriratiou  is  soup.nt  . 
U'o'vo  louiul  lliat  llu’  litoraturo  on  silica  s i 1 an  i za  t ii'iis  contained,  in 
I act  , vorv  1 i 1 I I ilotinilive  evidence  for  an  ability  to  t'orin  silane 
r.’om' 1 avers  . Tbe  evidence  we  yather  t’ror,!  Hieni  cn  1 1 y riodified  electrode 
Vv’i'fk  slionld  apply  lo  .silica  .snrl’aci's. 

(4)  Cbeinically  Modified  blectrodes.  V.  Covalent  i'indinp  of  a I'evcrsible 

Clectroiie  llcaotant  1 1'  Rnt'  blectnules,  Clu’P'.i  c.il  ly  .Minlified  Fleet  roues. 
VII.  t.ov.ili'iit  bondin;',  ol  a Keversible  blei'trode  Reactant  to  I’t 
elect  null’s  Isinp  .in  l> rg.inos i 1 ane  Reapeiit  (MKI.-NSF , M.RF) 

The  surface  bound  rciio.x  couple  in  Reaction  1 above  is  cheriically 

irreversililo.  tor  i' 1 ec  t roca  t a 1 y t i c ai>pl  i c;it  i ons  , it  is  desirable  to 

ilevelop  .in  ability  lo  synlhesiae  surlace  ri’do:  grouiiinp.s  which  are 

cheni  c;i  1 I y stable  in  nnilti|'ie  oxidation  states.  I'revious  work  had 

denioust  rat  ed  that  the  followin'’  strui’ture  could  he  prepared  on  ."-'nC) 

e 1 eel rodes 


MU 


— 'r  < if  i (CII  ) 

^ I 


t'  MU 

II 

,;;d((:ii  ) miic- 

Mt' 
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I ne:.|i  1 1 c.ib  I V . the  e 1 ec  t rochen  i ca  1 reduction  id  the  u i t roa  ror.'.;;'  i c 
lunct  ii'iialitv  is  chor'ical  ly  irreversihle  lor  both  t hi’  siirl  ace-bound  form 
of  F,(|uaiion  4 and  for  the  analop.ous  solution  forri.  Tiiis  pave  us  an 
impi’tus  to  develop  ui’w  metal  oxide  electrode  substrates.  The  two 
pub  I I lat  i ons  indicated  describe  two  new  riet.al  oxide  materials  lor 
ihi’mical  mod  i I ic.it  ion.  Approximately  ten  otliers  are  on  tap  for  orpano- 
silane  modification  work. 

In  papi’r  Mun.ber  \'  we  demons t ra t ed  that  the  reactions  whicli  led  to 
till’  structure  in  I'.'iu.ilion  4 on  SnU  also  proceeded  s.i  t i s f ac  t or  i 1 y on 
RuU  films  on  I i electrode  backinp.  The  e 1 ect  i ocher’ I ca 1 properties  of 
till’  RuU  elect  roiles  in  non-a(|Ui’ous  solvi’nls  are  et.ci’ 1 lent  , and  we 
est  .lb  1 i shed  that  the  surfaci'  structure  in  Iquation  4 p.ave  two  chemically 
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■s  in  si'l’.’nnt,  in  : In'  I i n i 1 ni.  rni ‘.i:  i n 


iii  ri'iliui'il  1.1  I i I si  iis  ,mi(>n  r.ul  i is  1 1 . . n.l  t imn  l.'  its  .'i.inion.  ' \- 
ol't.iiiu'.l  .mnlosous  results,  but  with  the  expe.'t nd  sinple  rc'dii.'tion  w.!\c  . 
tiir  the  5-n  i t rotiroii'at  i e .ind  A-n  i t roaron'a  t i .■  variants.  V’e  establ  i shed 
that  tlu'  li'rnal  poti'iiti  ils  tor  the  snrt'a.'e  ro.i.'X  oonples  v.'ore  within 
100  inv.  ol  the  solution  potentials.  I'his  provides  the  first  ex.ar.^ple 
ol  a ei'valenl  Iv  liondi'd  ‘'If'-'ilL* ‘ ■iL'51  ft* vi'_r_s i b 1 €•  ri'ilox  I'tniple.  The  elect  ri'- 
ehenical  .lata  iiuii.'atetl  h i nil  i np,  of  an  api'rox  ii;  at  e monolayer.  The 
sill  1, 10. ‘ i.vnthi'tie  and  e 1 ec t roohen i ca  1 ilata  were  appropriately  supp  1 er.ent cd 
and  vi't  it  it'll  by  KSOA  i nl  o rma  t i on  . 

In  papi'r  Nimib.'r  V 1 1 , wo  sourlit  the  favorabl  e e 1 or  t rocheri  ca  1 properties 
ol'  platinuii'  i' 1 .'i' t redes  t hrou.’.h  ri'asoninp  tluit  I’tO  is  easily  formed  in 
atin.'ous  acid,  and  is  redui'tively  fairly  stable  in  non-aqueous  solvents. 

Ue  fonnil  that  I’l  electrodes  covered  with  a monolayer  of  I'tl'  could  be 
readily  stlanipeii  .nul  subsi'(|uent  1 y amidized  to  font'  a structure  such  as 
that  in  f(|uai  ion  4 ahove.  The  Ttthbi  I'onds  proved  to  be  chenically  quite 
stable  .inil  are  lurthermore  very  resistant  to  reduction  in  a variety  of 
non-aqueous  solvi'uts.  1 he  e 1 ec  t rocliew  ica  1 observations  obtained  on  the 
clu'ii- i c,i  1 I V ipodifit'd  I'tt*  I'lectrodes  conipletelv  paralleled  those  on  the 
Ilut'  electrodes.  T'nis  provided  a beautiful  der.ior.s  t rat  1 on  of  the  predicta- 
bilitv  ol  the  sui'lace  redox  cb.ei.istrv  which  can  be  achieved  with 
chi't  ically  mod  i 1 ii'd  sur  laces. 

(5)  hhei'' i la  1 1 y Mod  i I i ed  1, 1 ec  t rodes  . VI.  Binilin/.  ,nul  I'.eve  i s i bl  e Tlectro- 
chei'iislry  ol  Tet  ra  ( Ami  nophen  y 1 ) Porphy  r i n .'ii  Gl.issy  barbon  (OKKl 

i'e  previously  reported  that  carbon  elect mdes  could  be  chemically 
modilied  with  o ri  ,anos  i 1 anes . I'e  continueil  research  on  these  reactions 
lot  ,1  period  and  di' t e rri  i ned  that  tlu'  orpanos  i 1 ar.e  functionalities  on 
larbon  t' I ec  I ro.les  wt  r.'  variouslv  either  unre.u'tiv.'  or  t I'o  unst.ible  to  be 
usi'lul  for  chemical  mi'd  i 1 i cat  i on  of  carbon.  he  therefore  set  aside  the 
s i I an  i /.at  ion  approach  to  carbon  chemical  modification  and  turned  to 
i'.e.'ict  ion  1,  introduced  by  Miller,  but  chose  vitreous  carbon  as  the 
eleitrode  subsi  r.it  i' . The  choice  of  vitreous  carbon  was  important  from 
the  St  .imii'o  i nt  ol  ultin.atelv  .ivoidinp  much  interferinp  .idsorption 
phenomena.  An  extended  series  of  experiments  I'roved  necessary  to  dissect 
the  intric.icies  of  induciny,  Re.-iction  3 to  I'roceed  in  a routine  manner. 

Ke  hive  achii've.l  a more-or-less  routine  reaction  sequence  in  which 


5f) 


' i:''  is  .111  .11'  i iu>  ( I ■ I I . Ii'ln'liy  I [mri'li  V (■  i II . ' .III-  :n  I'ls-rlX'i  I in  rlis'lio- 

ilii'i  i .si  rv  111  till'  111;;  i III 'I  o t rni'lii'iiy  1 por  pli  y r i n inliutinn  to  its  union 
radii'.il  aiul  ilianion  on  tliis  cltoni i oa  1 I y nauliliotl  vil  rooms  oai  biin  siirlaco. 
Tlu'  li'l  raphony  Iporpliyrin  o loot  roolii'i;  i st  ry  is  olioi.i  i i]  ly  and  olcctro- 
i-lioiti  i i-a  1 1 V rovorsihlo  and  a oonibination  oi  a control  and  l‘S(\'\  oxpor  iron  t s 
provided  a cono  I n.s  i vi-  proiil  that  the  ooiiplinp  of  tlio  t o t raphony  1 norpbv  r i n 
to  tlio  vitreous  carbon  was  via  the  aisido  binid  I inkapo  and  not  through 
absorption.  iliis  im.iiiiplo  provides  t lu'  I irsl  cxar.ple  ot  a reversible 
ri'dox  function  i i.ii'ob  i 1 i xeci  iin  a carbon  e I ect  roile  . 

1 nasr.uich  as  the  t e t raphony  1 porphy  r i n i.'oiety  bound  to  viti'i'ous 

carbon  contains  no  ret.il,  it  was  of  interest  to  invt'stigate  the  in  situ 

me  t a 1 1 i ;ui  t i on  ol  the  porphyrin  in  an  attiiapt  to  proimre  a f.ariily  of 

i mmob  i 1 i /.i‘d  iih- t a 1 I oiio rphy  r i ns  . 1 nnsnuich  as  no  t a 1 1 oiiorphy r i ns  are  known 

e 1 ect  roc.it  al  yst  s for  a variety  of  eUctrode  re.iclions.  we  htive  focussed 

a st’fies  ol  e;<iH'r  iiinMit  s in  this  direction.  In  this  tiapier,  we  show  that 

a ('o(ll)  i-an  be  readily  inserted  into  the  t e t r.iphenv  1 po  rphy  r i n ring,  and 

the  e 1 ect  rochet:  i St  rv  of  the  Co(ll  ► I)  reaction  can  be  observed  in  a 

ciienicallv  and  c' 1 i‘c  t rochem  i ca  1 1 v reversible  w. inner.  lor  both  the  tetra- 

phen  V 1 pot  jibyr  i n and  its  metallized  vtiriaiU,  the  potentials  o'  the 

surl.u-e  redox  proci'ss  and  the  an.ilorous  solution  species  are  qi.ite 

siii’ilar  to  one  anotlier.  ibis  observation  of  t be  rmodynan  ic  similarity  of 

sur  I ace-coup  Uul  laalox  lunctions  with  analogiuis  solution  functions,  plus 

the  observations  noted  above  on  metal  oxide  electrodes,  makes  our  thesis 

ol  p rial  i I't  i ve  redox  surfaces  more  than  a siii'ple  hypothesis. 

(fi)  I.!U:A  and  I 1 ect  rochemi  cal  Studies  of  the  Silanization  ol  Metal  Oxide 
r.li'ctrodes  (iiSr,  MKl.-NSK) 

Throii;,h  an  e.atended  si'ries  of  I'xpe  r i mi'ii  t s l.irgi'ly  based  on  hSCA 
observat  i ons , we  havi'  evolved  a model  for  alkylninine  silane  reactions 
on  iiK’tal  oxide  I'lectrodes  which  is  shown  below 
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Till  s.ilicnt  liMliiri's  ol  this  imulcl  .in.':  (i)  S i 1 ;in  i :';it  ion  imdcr  anh  vd  rt-iis 
I I M il  i I i nil.'.  , .III'!  I .1  i 11 1 nlialll'l'  ol  anliyd  1 nil:.  I nil  J i l i ni.:.  ill  l iln 
i I .111  i /.It  inn  slato  i.  .in  yioKl  s t rue  t n roit  in  tvliioh  ''dtiiif  I i a,  ''  t,  lau  ou[  li  n) 
.ilkoxy  ;;roni)s  ror.iaiii  iiitacL  (Slrueturo  I).  (ii)  i’caotion  of  ''trial  ,r.  I 
undor  tmhyilrou.'^  conditions  witii  an  aiti  i d i za  t i on  reagi'nt.  yields  Structnrt'  TV 
which  is  the  lorn:  yioldinj’  Lho  "cloanost"  o 1 ect  rochor.i  cttl  boliavior  ol 
the  I unci  i on.i  1 i t y "K."  (iii)  Contact  of  Ihriu'turo  i with,  noist  air  or 
water  w.ishiii}’,,  i n.u.t  i vat  e the  portion  ol  the  .ilkylanino  p.roup  tovard 
liirtin.‘r  ro.u'lion,  ti'ost  liki'ly  by  lonntition  of  ,i  cx'clical,  liyd  ri'p  on- 
bondi’d  striicturi'  stub  as  II.  Soino  of  the  anino  proups  ri-rtiin  n";icti\’i.' 
(Ml),  tind  those  c.ni  under;’, o am  i d i z;U  i on  retu'tions  vitli  .:  reaj'ent  in  .i 
siirilar  m.inner  to  sucti  j’roups  in  Structiiri'  1.  kowever,  t lie  bit'll'  prouj  s 
c.ni  also  app.'irently  enter  inti:  couplin;  reactions  '.,hen  ticid  rliK’ridi 
reayents  .ire  used  to  vield  silicate  esters  as  slun-.n  in  triicture  . 

'ihe.'-'.e  esters  .ire  not  hip.hly  stable  in  the  cbeii'ictil  seiisi',  but  do  pive 
r i si>  to  observabK'  e 1 ec  t rochem  i c;i  1 features  which  complicate  the  over.il  1 
int  erpretat  ion  ol  e 1 ec  t roclien;  i i-a  1 behavior. 

.\  vietailetl  picture  of  surface  s i l;in  i tt;U  i on  chen'istrc’  ,nch  as  this 
is  i nipo  rt  .111  t both  Iron’  the  st.indpoint  of  reaction  stratepv  in  |irep.‘riiip 
chenicallv  modilied  electrodes,  but  also  from  the  standpoint  of  under- 
standinj'.  s i 1 .i  n i :'.i  t i on  cheir.istrv  in  other  tireas.  S i 1 .in  i r.ti  t i on  reactions 
tire  inied  in  a very  widespread  w.iy  , includinp  compt's  i t es  , in  j'htirnaceut  i ca  1 
prepar.it  ions , in  Ih'iuIoiI  chroma  t oprtiph  ic  phases,  in  orpanic  solid  state 
svnihesis,  and  in  enf.yn'.e  enp,  iiieer  i tip . Our  studv  is  the  rest  detailed 
kSCA  .ipp  1 1 cat  ion  to  date  to  silanize  stirl  tices  . r.anuscript  deseribin; 
the  scliemi'  in  Ke.iclion  5 is  in  preparation. 

(7)  St  ereochemi.st  ry  of  fleet  roii  Transfer  I’.eactions  (N'SK) 

■Vs  noted  .ibove  the  (|uestion  ol  the  electron  tr. Ulster  mech.inisr  is 
a very  in’port  ant  one,  ,ind  two  models  can  be  presented.  I'ne  ol  these  is 
the  'lloppv  n.odel'  as  e,\presseil  in  Reaction  2.  The  tloppv  model  is 
amenable  to  stereochemical  1 lives  t i g.it  i on  throui;h  preparation  of  surface 
structures  in  which  the  O/R  proupini'.s  are  tuttiched  b i func  t i ona  1 1 y . e.;;. 
attached  to  more  l h.iii  one  ,i  1 k v 1 tint  i ne  silane  ch.iin.  In  order  to 
est.iblish  the  ap[i  rop  r i ,i  t e ch.iin  leiipth,  we  carrieil  out  a set  of 
"moleciil.ir  tulei  expo  r i ineiit  s"  usinp  ;i  b i I iinct  i on;i  1 reapent  and  an  KSCA 
element  t .Ip,)’,  i ii;  scheme  which  demons  t ra  t eil  lluit  in  the  series 


I 


A 


58 


(■|(i)(i'l|  .1  lii.iin  IiMij’.ll'  o)  r I 1 -siuMii!  i n;'  I i'  n 1)  it.  liui  .-.imil  1 .'i' 

J-.'.iLi-  loiifiliiij  , will'll-  liicri'  is  ,'i  iliaiii  ol  U'li^'tli  lor  n = 4 vioUls 
. I I'.l'l  oy.  i ii'.'i  I o 1 V 50,'  h i I iiiu'l  i on.')  I ooiip  I i n;. . i’liis  'i'H' loi'U  1 .i  r inlor  oy:iii- 
ni'nl”  (wliiili  is  boiii)'  proparocl  for  piiMicalion)  pivos  insipht  lo  tiu- 
propoi'  ohoioo  ol  1.  i I unit  i ona  1 ledox  reapeiUs  to  crploy  an  investigation 
ol  till'  si  I'i'ooi'hoi:- i St  IV  I'l  eloc'tron  transfer.  V.'e  are  nov;  in  the  course 
ol  I'.irrvin;',  mil  experiniiMits  with  ferrocene  and  t el  rat  h i o f nival  t'ne  which 
lont.iin  eitln.'!'  one  or  multiple  carboxylic  acid  groups  for  amid  izat  ion- 
conplinj’,  lo  a 1 f v 1 .in' i no  silane  snrlaces.  Preliminary  indications  are 
tli.it  h i t line  t i ona  1 coupling  occurs  with  the  IFF  molecule,  whicli  yields  .) 
.snrf.ice  structure  ol  snflicient  rigidity  that  electron  transfer  will)  the 
elect  riule  snri.ice  does  lu’t  take  place.  This  prelir'inary  data  I'rov’ides 
strong  c i rciimst  ant  i a 1 evidence  for  the  validity,  and  necessitv,  of  the 
"floppy  model."  I’eaclion  11.  I'he  stereochemical  features  of  chemically 
modified  eli'ctrode  surfaces  will  see  intensive  attention  over  the  next 
resmiriii  year. 


Mi’iiihi'i’ : i)  i i-t  f i r ii  ^cliroiH'r 

Assot- ial  >■  I’rofossor  of  I’liyaii  :, 

lir.uliiati’  Studeat:  C.  S.  Kuo  (MKI.-NSi") 


I’ubl  iral  ions ; 

I).  Sclu'ooor  aiul  K.  I,.  I.ambo,  "Md.sslniiu'r  binewidth  lor  Ku“  as  an 
I iiipur  i ly , " Bull.  /\m.  I’liys.  Soo  . 471  (1  9771  . 

1).  Si'lirooor,  "Moossb.uu-r  Studios  of  R.l ro-Ka r L hs  in  dal',,"  Bull.  Am. 
I’liys.  Soo.  d.’,  494  (1977). 

^ummaQ;_  of  Rt'so.uvh  .\o  L i v i f it*s  : 

(I)  i'lio  1)  i am.igiu' t i i-  Dilution  of  llomatito;  MR1.-.\SF. 

t.'h,ini>,os  in  t iio  Morin  transition  toraporaturo  in  -Fe,0.^  doped  with 

I'.o  has  boiMi  niiMsurod.  I'ho  rol.it  ivo  influonoos  of  maitnot  io  dilution 

.ind  of  oloot  rost.it  io  1 at  t i o o-spao  ini;  oliangos  can  bo  soparati'd. 

(..’)  Raro-K.irtbs  in  A 1 ka  1 i -Far  t li  I)  i f 1 no  r ides  ; .MRL-NSF. 

>+ 

The  Moossb.iuor  linowidtli  ol  Kii  as  an  impurity  ilopant  increases 
monot on ica 1 ) y with  doorcsising  doping  level.  This  line  broadening  is 
lino  to  rol.ixation  effects  induced  by  spin-spin  interactions.  This 
I'l- l.it  ionsli  ip  can  be  calibrated  for  any  given  host  m.itri.\.  Tlien,  if 
the  euroi>ium  is  homogeneously  distributed  throughout  a host  matrix, 
tile  oliserved  linewiilth  can  lu'  used  to  determine  the  doping  1 .'vel  . 

A1  1 iTiiat  i ve  1 y , if  the  doping  level  is  known,  then  tin  linewiath  can 
give  intormal ion  about  the  extent  of  europium  clustering  in  non- 
homoiteneons  samples,  as  during  annealing  proci'sses.  The  pi'ss  i b i 1 i 1 i e.- 
ol  tills  1 inew  i d t li-an.i  1 vs  i s techniipn'  will  bi’  illustrated  bv  the  ex- 
■ imple  ol  Ku  dopeci  into  C.iF.^. 

Till'  Moessb.iiier  Isomer  shifts  of  Fu  * * in  SrF,  and  B.iF,  have  been 
studied  as  a function  of  iloping  level.  Tlie  observed  ellects  are  not 
due  to  electrostatic  effects  in  the  lattice  but  lather  due  to  dif- 
ferent oxygen-stabilized  europium-defect  configurations. 

i)xygen-s  t .lb  i 1 1 zed  trivalent  dysprosium  defect  configurations  have 
been  obsi'rved  for  Dv*^^^^  in  CaF  . 
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iciiltv  : l.awrt'iu'e  M.  Slit’kin 

I’rot’i'ssor  of  I'liysios 

l^es(.aua'li__Assof  iaf  o : A.  Batra  (MRl.-N'SF,  N'Sf) 

I,,  t'.ain  (MRI-NSF) 

C.  llolmbory  (MRI.-NSF) 

Ch\i_duaL^’_SjaRloiUj^ : N.  Danioloy  (.MRF-NSF) 

S.  Iloraii  (MRI.-NSF,  .fSF) 

SiL'- ' ’AL*'  J’ ' Ll’il' lii  : N S F 

lMibJ_u'.aL  foi^s : 

2+ 

r>.  llolniberg  and  F.  Slifkin,  "KSR  of  Ni“  in  AgCM  and  AgBr,”  aia’opti’d 
hv  .1.  I’hys.  Solid  Stafo. 

A.  Batra  and  I..  Slifkin,  "Point  Defects  in  Lite  Silver  Halides," 
accepted  by  dnl . de  Physique. 

h.  Slifkin,  "Diffusii'n  et  f.onduc  t i v i t e ilans  les  Cri.staux  loniques 
Simples,"  I’roc.  IDth  Coll.  di>  Metallurgie  (to  appear,  1977). 

A.  Batra  and  I..  Slifkin,  "A  Studv  of  ilie  Hi gli- 1 1'nijn'rature  Tran.spori 
Anomaly  in  AgBr,  by  Diffusion  of  Na  Tracer,"  aiicepted  by  -I.  Ph\'s. 
Chem.  So  1 i ds . 

1..  Slifkin,  "Saclay  tionference  on  Diffusion  in  Condensed  Media," 
ONR-l.ondon  tlonl  (.'rence  Ri-port  C-5  5-7b  (1976). 

1..  Slifkin  aiul  d.  Sliulm.iii,  "l.atlice  Di'fects  in  Ionic  C.ryst.ils: 

Rept  . of  tlie  |97b  Berlin  Conlereiice,  0\K-l,ondon  Conlerence 
Report  C-B7-7b  (1976). 

S 1 nran ; i r v oj^  Jiyin  i'  -ar  c h Ac  Li  v it  i e s : 

(I)  Single  vacara:ics  and  v.ic.incy  pairs  in  AgBr  — a re.inalvsis  of 
the  earlier  data;  MRI.-NSF,  NSF. 

A.  Batra  and  L.  Slifkin 

H2 

rile  data  on  se  1 I -il  i t f us  i on  ol  Br  in  pure  aiul  lu  ,'v  i 1 y-doped 
AgBr  wore  previously  analy.ted,  using  tin'  Aboagve-Fr  iauf  t empera' uri.- 
deiiendent  activation  energy  lor  the  format  ion  ot  a Frenkel  defect 
11|-(T),  to  obtain  cont  r ibut  ions  to  anion  mass  transport  bv  singl«' 
vacancies  and  vacancy  pairs.  The  analysis  indicateii  virtuallv  no 
contribution  1 rom  the  pairs  .it  high  t emper.itiires ! More  reli.ible 
Hj('D  h.'ivo  now  boon  obtained  I rom  our  own  dat.i  on  -,od  i iini-d  i f t us  ion 
in  intrinsic  AgBr,  and  the  use  of  these  valiu’s  gavi'  Arrhenius-typo 
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ronli  iliiii  ioiis  1 lU  ImLii  sLi^'.io  vacant' ii’.s  ,iir1  vacaiu'v  j)airs  over 
tlic  t ciniH-raL  lire  raa>;c  1()0-410^C.  The  acLlvaLion  enersyi  1.70  cV , 
aiul  pro- exponent  i.U  factor  447  cm“/.sec  for  the  pairs  appear  imr- 
mal.  riie  correspoiul  iiip  values  of  '1.47  eV  and  1.1  x 10^  cm  /sec 
for  the  sinj’jle  v.'icanc  ies  are  cert  ainly  anomalous,  and  one  is 
temptetl  to  associate  this  unusiKil  behavior  witii  the  e.xtensive 
l-’renkel  disorder  present  in  Ap,Br  at  high  temperatures.  At  tills 
time,  however,  this  plienomenon  still  remains  a puzzle. 

(d)  Diffusion  aiui  ionic  conductivity  - .-VgCltln;  .HRL-NSF,  NSF 
A.  Batra  aiui  I..  Slifkin 

I'he  stiuiy  on  the  diffusion  of  indium  in  AgCl  had  yielded  an 

activation  energy  of  1.04  eV  and  a pre-exponential  factor  of 
_ > •) 

l.ti  X 10  ^ cm'"/sec  below  abi'iit  185°C,  and  1.14  eV'  and 
- 1 ’ 

5.1  X 10  cm‘'/sec  ttbove.  The  activtUion  energy  in  the  lower- 
temperature  region  agreed  with  that  obtained  by  Frisch  et^  ill,.  (Ber . 
Bunseuges  I’iivs.  Cheni.  7^,  513  (1473)),  although  tlu'ir  diffusion  co- 
el  ficients  are  a f.icLor  of  two  lower. 

rile  ijuestion  that  has  to  be  answered  is  wliether  indium  diffuses 
in  a divalent  or  a trivalent  charged  state.  For  tills  purpose,  ionic 
coinluc  t i V i t v as  a tmu'tion  of  temperature  was  measured  on  two  sam- 
ples. The  elfei'ts  of  precipitation  became  evident  at  tibont  lb0°C 
for  the  s.imp  1 e containing  .ibout  40  ppm  of  indium  (chemical  analysi.s 
value  by  , lohnson-M.it  t hey ) . fliis  result  contrasts  with  the  room- 
ti  niperat  lire  solubility  of  250  ppm  reported  by  Frisch  aj^.  These 
authors  also  cl.iini  the  indium  i.in  to  be  divalent.  I'liere  i.s  not  a 
long  enougli  association  region  in  our  data  to  determine  a good 
value  for  the  association  energv,  but  if  one  fits  the  meagre  d.ata 
available  to  tlie  conventional  I.  id  iaial-Debye-Huc  kel  model  involving 
diviilent  cations,  ;i  value  of  approximately  O.il  eV  ni.iv  be  obtained 
for  the'  so  1 u t e- vacancy  binding  energy.  fhis  Viiliu'  is  about  t lie 
same  ;is  that  tor  other  divalent  c;it  ions  in  AgC  i . it  would  there- 
fore indicate  that  eitlier  indium  is  present  as  tlie  divalent  ion 

3T 

or  else  that  a sei-ond  vticancy  is  in  equilibrium  witii  a In  -vticancv 
compl ex . 


hi 


(,  < ) I'illiisioii  III  Yttrium  in  Aj^Cl  ; .sSl'. 

A.  Uatra  aiul  1..  SI  if  kin 

In  a snarcli  for  a cation  which  dil'fuses  as  a trivaloiu  ion  in 
Agt.'l  , yttrium  was  tried.  This  ion  has  boon  c 1 a iracd  liy  otiu-rs  to 
diffuse  as  Y in  NtiCl  . Initial  runs  with  an  ambient  atmospliere 
of  elilorine  proved  unsuccessful,  presumably  due  to  tlie  formation 
of  an  oxychloride  of  yttrium.  However,  runs  in  liydrogen  chloride 
resulted  in  signifi^-ant  tracer  penetration.  Tiie  data  were  ob- 
tained over  tlie  temperature  range  377-44  3°C.  Tlie  penetration 
plots,  excepting  that  at  the  higliest  temperature,  sliowed  an  ini- 
t ial  turn-up  which  became  progressively  worse  as  the  dit fusion 
temperature  was  lowered.  I'liis  might  liave  been  caused  by  tlie  low 
solubilitv  of  yttrium  in  .AgCl . However,  the  long  gaussian  tail 
regions  in  the  penetration  plots  for  the  data  reported  here  give 
sat  isfai'tory  values  for  tlie  diffusion  coefficients.  An  activation 
energy  of  0.H2  eV  and  pre-exponential  lactor  of  It)  ^ cm“/sec  were 
obtained.  flie  activation  energy  iiere  is  similar  to  tliat  for  the 
divalent  a Ika 1 i ne-ear tli  ions.  A1 t erna t ivel v , if  yttrium  diffuses 

as  Y the  increase  in  the  solute  migrat  iiin  energy  could  liavc  been 

3+ 

compensated  hv  the  large'  Y -vacancy  binding  energy. 

(4)  Frenkel  Di-fects  in  Mixeii  Silver  Halides:  MRl.-NSF. 

I,.  S.  Cain,  H.  Manning,  and  h.  Slifkin 

Ihi'  ionic  i '''.due  t i v i t ies  of  mixed  AgCI/Agbr,  AgBr/.Agl  , and 
Agt  I/Agi  cryst.ils  are  being  measured.  The  major  interests  of  t'.ii- 
studv  are  the  dep  ’tulence  of  the  conductivity  and  tlie  energies  of 
format  ion  .ind  migration  of  the  native  Frenkel  defects  on  composition. 
Tlu'se  par.imi'ters  will  lie  obtained  by  computer  analysis  of  the  con- 
•luctivitv  as  ,i  lunction  of  temperature  for  eai-h  cryst.il.  Results 
will  hopelullv  show  how  the  local  lattice  strains  in  the  solid  solu- 
l ion  spi'cimi'iis  mav  .iffect  the  above  defect  parameters. 

Me.isiirement  s on  ,i  complete  set  of  mixed  .AgBr/AgCl  crvstals  have 
been  lompieied.  file  two  terminal  constituents  as  well  as  samples 
witii  .’0.  4(),  'id,  (id,  and  80  mole  % .AgCl  have  been  measured  from 

[,i  -'id'’(  . rile  high  temperature  conductivitv  decreases  mono- 
tiM  -allv  with  concent  rat  ion  on  going  from  AgHr  to  AgCl  . I’reliminary 


6 3 


.lu.ilvsis  ol  llu'  sL>.>pl'  of  Lilt.'  high  I I’liiporat  iu’l’  ( i iU  r i iis  i c ) porl  ion 
i>f  ii(  i' ) vorsiis  U)()0/i'  iud  icat  os  thal  t no  acLivation  onorgy 
tonslanl  lor  Agdl  oonoonl  rat  ions  to  40  nioLo  /{,  in  AgBr,  whilo  lor 
liighor  Agtil  ooncontrat  ions  tliLs  quantity  begins  to  grow,  changing 
liy  a total  of  about  20%.  Moro  preciso  vaiuos,  as  woLL  as  values 
for  tho  i'ulividiiai  onthalpies,  will  bo  obtained  from  the  computer 
analvsis  ol  tho  rosnlts. 

Moasnromont s of  tho  conductivity  of  mixod  AgBr/Agl  and  AgCl/AgI 
arc  also  umlorway.  Crystals  of  Agbr  and  AgCl  with  less  than 
2 niolo  % Agl  will  bo  inve.st  igated  for  tlie  same  effects  mentioned 
aln)Vi‘.  I’roliminarv  moasuremonts  of  AgBr/Agl  .sampJt's  of  7.5  mole  % 
.Agl  show  an  r'xtrinsic  conductivity  higher  by  tvjo  orders  of  magni- 
tudi'  than  that  of  pure  AgBr  at  room  temperature.  Sucli  large  ef- 
fects I’.innot  possibly  bo  due  to  impurities.  I'ho  conductivities 
at  high  T (250°C),  on  the  other  iiand,  are  similar  in  magnitude  to 
those  of  AgBr.  '!'ho  conductivity  of  a 2 mole  % Agl  sample  has  the 
same  order  c)f  magnitude  as  that  of  .Aglir  both  at  room  and  higli  tem- 
peratnri'S.  All  these  conductivities  are  history-dependent,  pre- 
stmiably  duo  Lo  the  aggregation  or  prec  ipii  .it  ion  of  tiie  .Agl,  since 
We  are  above  t lie  solubility  limit  of  room  temperature. 

(5)  Ionic  Conductivity  of  Beta-Alumina;  MKL-N.bl' 

I. . S . C,i  i n and  1..  Si  i f k in 

experiments  are  underway  to  measure  tlu'  effects  ol  v.ir  ious  com- 
positional and  mi crost rnc tural  parameters  on  ion  transport  in  the 
snperionic  conductor  beta  alumina.  Ionic  condiu' L i v i t v me.isuri-ment  s 
are  being  performed  on  single  crystal  .ind  polycryslaL  spec imens 
as  a function  of  temperature,  fre(]uency,  mobile  cat  ion  composition, 
and  preparation  history.  The  studies  actually  involve  the  measure- 
ment of  the  complex  electrical  impedance.  From  these  dispersion 
c-urvos  we  hope  to  (1)  investigate  the  changes  in  conductivity 
c.iused  by  mixed  moli  i 1 e cations,  i.e.,  Na-K  ami  Na-Ag,  in  order  to 
check  the  theories  of  ion  transport  in  these  materials;  and  (2) 
determine  the  e I t ec I of  grain  sixe  and  other  parameters  due  to 
prepar.u  ion  liislory.  I'lie  equipment  neeessarv  to  begin  tliese  raea- 
■nitements  is  now  available  and  single  crystals  and  polycrystals 
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• Ill-  I'll  criliT.  I’ll  ■ 1 i I’l  i narv  measurc'iiu’ii  t ■■  on  nu'd  i iim-iU'iis  i l \ pc  1 \ - 
crvu.il  -i.imi)  1 cs  have  indlcaLed  Lhal  (I)  icn  cxciianv.c  is  IcasL'clc 
ciilv  with  verv  ilcnsc  sampLos,  (2)  nu-.isarcmciU  s o!  tlic  hulk  clic- 
Irical  properlies  must  bi>  done  aL  very  lii>;h  I rcqucnc  i cs , (1)  the 

eoiuiiii' t i V i I y of  sintered  samples  is  two  to  three  orders  of  magni- 
tude Ik.'Iow  that  of  single  crystals,  and  (4)  a difference  in  ideal 
density  of  0.1 '>7  causi'S  a difference  ol  two  orders  of  magnitude  in 
t he  condue  t i v i t v . 

(6)  KSK  Stiulii's  ol  Defects  in  Silver  Halides  ami  Insulating  O.xides; 


MRI.-NSK,  NSK 

C.  E.  Holmher;;  and  I,.  M.  Slifkin 

In  AgCltNi  at  4 K a narrow  line  was  observed  in  our  e.arlier  work 
which  was  superimposed  on  the  110  0 widtii  isotropic  KSK  line  I rom 
divalent  nickel  in  a substitutional  site  without  a nearliv  charge 
compensating  vacancy  (octaliedral  symmetry).  This  narrow  line  was 
not  observed  at  low  microwave  powers,  but  itu'reased  rapidly  in  am- 
plitude with  microwave  power  at  high  microwavi.'  power  levels,  wiiich 
suggested  that  it  was  due  to  a double  quantum  transition  lietween 
= 1 states  of  the  nickel  ion.  Wo  liave  analyzed  superhyper f ine 
structure  present  on  tliis  line  and  find  that  the  structure  is  con- 
sistent with  a nickel  interacting  with  six  nearest  neigltbor  ciiiorine 
nuclei.  The  superliyiie  r f ine  structuri’  lor  H along  |100),  [111],  and 
[IIOI  can  be  fit  by  adding  a ti'rm  to  the  nickel  spin  Hamiltonian: 

(i 


A 's  1 f II  (S  1 + S 1 ) - g ■ „H‘  1 wliere  is  approxi- 

, ' z z XX  v V "n  N 

11=1  ' ' 

mately  7.  ib  0 and  li'^  is  api'rox  ir.al  el  y 2.4  (1  for  HI.  Orton  lyt  ai_. 
(I’hvs.  Ri'V.  hett.  128  (19h8))  observed  a double  quantum  transi- 
tion in  MgO:Ni  in  an  octahedral  site  but  saw  no  resolved  superfine 
structure  since  the  nearest  neighbors  won'  oxvgen  ions  with  no 
nuclear  spin.  In  the  AgCliNi  case  the  nearest  neighbor  chlorines 
have  a nuclear  spin  and  thereby  have  superhyper f i ne  interactions 
with  the  nickel  ion.  ilowever,  these  interactions  are  larger  than 
ex[iected;  a moli'cul.ar  orbital  analysis  of  the  n i eke  1-ch  lor  ine  inter- 
actions is  being  carried  out  to  determine  why  this  is  the  case.  To 
our  knowledge,  this  is  the  first  observation  ol  resolved  super- 
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liviH'rliiio  riK-t  lire  in  n double  iiu.iiUum  t runs  i t ion  . 

KleeLron  and  iiole  trapping  experiment  h have  lieen  performed  on 

Ag(d:llg,  Agt;i:I’e,  AgCItPd,  AgCJ  : Sn  , Aglilrl’h,  and  .'g;Br  : I’b . I , t iie 

case  of  AgClitlg,  an  unexplained  KSK  sigpial  is  developed  on  iliumi- 

nat  ion  with  blue  I iglit  near  -100°C.  Experiments  will  be  performed 

to  determine  if  tltis  signal  is  from  llg^.  Studies  on  electron  and 

liole  trapping  at  reduced  temperatures  by  AgCltl'e  liave  been  reported 

by  three  otlu>r  researcli  groups,  but  tlieir  results  were  somewliat 

cont  rad  ict  ory . We  are  performing  adilitional  experiments  to  t rv  to 

sort  out  tile  discrepancies.  A reciniL  papier  on  AgCliPd  showed  that 

d+ 

I’d  can  act  as  an  electron  or  hole  trap  in  different  temperature 
regions.  I'he  behavior  of  AgCltl’d  near  room  temperature  was  not  re- 
ported, wliereas  we  find  tliat  AgCl:l’d  exhibits  some  peculiar  iilu'to- 
conductive  effects  tliere,  depending  on  the  treatment  of  the  sample. 

We  will  try  to  relate  these  pliotoconduc t ive  effects  to  rainority- 

2+ 

carrier  trapping  l>y  I’d  ions.  So  tar,  electron  and  hole  trapping 

investigations  on  Agt'.ltSn,  AgCltPb,  and  .AgbriPb  have  yielded  no 

evitlence  of  tlie  dopant  changing  to  a paramagnetic  valence  state 

upon  illumination  of  tlie  sample  with  bine  1 iglit  . 

In  conjunction  w i t li  K.  H.  fee  of  Crawford's  group,  a new  p.ira- 

magnetic  defect,  devi-loped  wlien  MgO:Ga  is  subjected  to  gamma - 

2+ 

irtadiation,  has  been  shown  to  be  Ca  in  an  octaheiiral  s i t <.■ . Aji 

accurate  analysis  is  underway,  but  a preliminary  estimate  plac>-s 

t lu'  Eermi  contact  interaction  between  the  Gallium  as  electron  and 

(i9 

its  own  nucleus  at  approximately  S.S  Gil/  for  Ga . 

(7)  Internal  Friction  Study  of  Impur  i t y-I)  is  1 oca t i on  Interactions 
in  AgBr;  MSE,  MKL-NSE 
S.  Horan  and  E.  Slifkin 

We  are  continuing  an  internal  friction  study  of  the  dislocation- 
defect  int  I'rac  t ions  in  single  crystals  of  silver  bromide  tloped  with 
precise,  small  amounts  of  cadmium  and  strontium.  During  the  last 
year,  we  have  systematically  investigated  anomalies  in  the  response 
of  the  St ronl ium-dopeil  crystals  to  small  harmonic  stresses.  For 
limited  ranges  of  temperature  (17-100°C.)  and  impurity  concent  rat  ion 
(7b  ppm  and  less),  we  have  been  able  to  induce  discontinuities  in 


llu’  iiUrriKil  I l il  t ion  and  Yoim);'s  modulus  as  a funi  t Lon  of  si  ross 
and  Lompi'iat  nro  . Siu  li  d isionl  Lmi  iL  ies  aro  willioul  prooodont  . 

I’losonl  liioorii's  postulate  dislocatiini  osc  i 1 I at  ions  aaaIop,ons 
to  a vihratiiip,  strinp,  within  a viscous  medium.  Impurities  and  other 
defects  l)ouiul  to  tlie  dislocation  provide  nodal  points  ("pins")  which 
can  he  activateil  tIuTmally  or  by  applieil  stre^;s.  In  general  pins 
ari'  capable  of  dillusion  normal  and  parallel  to  the  ilislocation 
core.  Strontium  is  an  unusual  impurity  since  it  has  high  mobilitv 
in  A;', Hr  and  [iri'sumably  a high  binding  energy  to  dislocations  as 
wi' 1 1 . i'berelore  it  is  i)ossible  that  strontium-containing  pins 
wouKl  see, regale  t<i  dislocations  and  would  preferentially  migrate 
along,  il  is  locat  ions  for  form  si  rent  iura-r  tch  pinning  aggregates. 

Coiu'urrent  ionic  conductivity  measurements  of  samples  contain- 
ing, X)  ppm  Sr  imi)urity  or  less  suggest  the  format  ion  of  aggregates. 
boug,-term  monitoring  of  si  ra  i n- i ndependen  t inti'rnal  Iriction  sug- 
gests an  increasi-  over  time  .it  .ill  tempiU'at  ures , in  spite  of  inter- 
mittent anne.iling  which  lowers  the  Lot.il  dislocation  density  of  the 
spi'cimen.  These  d.at.i  .ire  consistent  with  formation  of  Sr  .iggiu'- 
gates.  Superimposed  on  this  background  there  may  be  two  phases  of 
e<iuilibrium  il  i s 1 oca  I i on-p  in  structure,  each  of  which  is  stable  over 
.1  char.icterist  ic  st  ress-l  emper.ituro  range. 

Within  the  .accuracy  of  the  present  experiment,  the  cliange  in 
decri'iiuMit  with  strain  amplitude  is  il  iscont  inuous  .and  is  .accomp.in  led 
bv  .1  d i .scon  t i niious  change  in  the  Young's  modulus.  Kxtensive  data 
on  (he  I empi'r.ii  lire,  .stre.ss,  and  hysteresis  ch.irac  t er  i s t ics  ol  the 
discontinuity  indicate  a d iscont i nuous  change  in  the  distribution 
•and  a s imu  1 1 .ineous  reduction  in  the  number  ol  pins  along  the  dis- 
loc.it  ion  core.  Thesi'  data  are  consistent  with  a model  predicting 
I ritic.il  condition  for  pin  aggregation. 

Kiirther  invest  ig.it  ions  of  this  effect  are  now  underway  to  de- 
lermiiu’  response  of  the  discontinuity  to  variation  in  the  ratio 
of  tol.al  impurity  content  to  total  dislocation  density. 
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(1)  I’hoLoclioni  ist  rv  ;it  Monolayer-Solution  Interfaces:  I’ho!  or  hem  i s t r y 

of  Surfactant  Metal  Com|)  1 1'xes  in  Monolayer  Assemblies  aiui  at  a Monol.iyei  - 
Solution  Interf.ici';  NSF-MKI.,  National  Institutes  of  Healtli. 

Spr  i nt  sc  hn  i k anil  D.  (I.  Whitten 

I'he  synthesis  of  several  surfactant  analogs  of  tris  (2,2'- 
2+ 

h i p vr  i d i ne  ) rn  t hen  1 nm  ( I I ) has  been  dev'elo|ied.  The  phot  ochem  ical  re.ictivitv 

of  these  surfactant  complexes  has  been  investigated  it:  spread  films, 

monolayer  assemblies,  micelles  and  at  a monolayer  assembl  -water 

interface.  It  has  bei'ii  found  that  higjily  purified  samples  of  the 

d ioc t adecy 1 ester  o f (4 , 4 ' -d icarhoxy-2 , 2 ' -bi pyr idine)b i s (2 , 2 ' -b ipyr id  ine) 

2 + 

rut  hiMi  ium(  I I ) ari-  in.ictive  as  catalysts  tor  the  phot  oc  1 eavag.e  ot  water  in 
monolaver  assembl ies.  This  is  contrary  to  cur  previous  findings  which 
emiiloved  a sample  ol  the  surfactant  complex  which  has  now  been  shown  to  contain 
several  impu  r i t i I'.s , including  other  surfactant  ru  t hen  ium  ( I I ) complexes. 

We  iiave  1 ound  that  the  properties  of  films  and  monolaver  assemblies  of  these 
complexes  are  quite  sample  simsitive  even  when  different  samples  of  high  indicated 
tnirity  an-  employed.  The  failure  of  the  highly  purified  complex  tc  serve  as 
a catalyst  appc>ars  jiartiallv  due  to  a 1 ight -induced  destruction  of 
assemblies  irradiated  in  contait  with  water  which  is  due  at  least  in 
part  to  a phot ohydro 1 ys i s of  the  ester  group. 

(2)  I’hotochi'mist  ry  of  Organic  Chromophores  Incorporated  into  I'atty  Acii.1 
Monolavt'rs;  National  Institnti's  of  Health,  National  Science  Foundation. 

K.  lorry,  1’.  Worsham,  M.  Richter,  and  1),  0.  WTiitten 
ITu’  synthesis  of  several  phot ochem i ca 1 1 y and  spec t roscop ica 1 1 y 
act  ive  hydrocarbon  groups  and  sulfur  complex  incorporated  into  ;i  surfactant 
fatty  acid  derivative  bas  been  dev'eloped.  Most  of  the  molecules  have  the 
structure  inilicati'd  below: 


coon 


wlu'i'f  I lu'  ri  ■.ic  t i vi'  ,',roii]i,  i\ , is  incor  por.  1 1 cd  into  Mic  livil  ropliob  i i-  port  ii>n 
(li  .1  sui'f.irt.ml  moliH'ulr.  The  photoohrm  i st  rv  of  iliesi'  molerules  is  heinr 
invest  ipaLed  in  several  orpanized  motlia  ineludinp  monolayer  film  and 
assemhl  ii‘s  aiul  mieelles.  In  eo  1 lal'ora  t ion  with  Professor  K.  W.  Murray 
the  "KSTA"  of  several  snrfaees  coated  with  monolayers  of  these  substances 
is  lie  in;;  examiiu’d. 


('ll  Pilot  oe  hi'm  i St  rv  tif  Ilvdrophohic  Metal  Complexes  in  Solution;  National 
Science  foundation.  National  Institutes  of  Ilealtii. 

P.  ,1.  I'el.aive  and  h.  (d  UTiitten 

In  coniu'i'tion  with  t lu'  studii's  ontlineil  in  (1)  almve 
several  mi'tal  complexes  (mostly  rn  t hen  i nm  ( 1 1 ) ) hav'e  Ihhmi  preiiarcnl 
in  which  the  char;;i'<l  compli'X  is  idtect  ivi'lv  completely  surrounded 
hv  a hydrophobic  shield.  These  complexes  are  water  insoluble  but  quite 
soluble  in  polar  and  non-polar  orp.anic  solvents.  The  1 i i;h  t - i ndueed  electron 
t r.insfer  react  ions  of  sevi'ral  iM  t lu’se  complexes  have  been  studied, 
i.hiench  in;’,  I'l'  the  complex  exc  i t e<(  states  bv  both  electron  donors  and  electron 
acceptors  has  lu'en  observed.  However,  the  rates  ari'  in  several  cases  .somewhat 
slowi'r,  espi'ciallv  wluni  positively  ch.irped  quenchers  are  used  and  the  hyilro]iho- 
bic  prouju;  art'  l.ir.pe.  In  ,i  tew  cast's  the  back  reactions  tolloxcinp  1 ipht  induced 
elei'trtin  transter  ,ire  sloiyt'tl  thiwn  so  that  high  energy  proiiucts  c.-tn  be  sttirotl. 
Tht";e  rt'aci  ions  appe.ir  tpi  i t t'  promising  as  a means  t'l'  convt't'ting  light 
t'uerg.v  into  hii’h  t'uerc.v  but  Isolable  chemical  products. 
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thilyl_i_eat  ion: 

C.  B.  tdiilds,  "High  Purity  Silver  Bromide  t-'rvstals  Containing 
1-es.s  Ilian  Several  Parts  per  Billion  of  Iodide,"  accepted  by 
J.  Crystal  Crowth. 

Summary  of  Kesearcii  Activities: 

( 1 ) Silver  Hal  ides 


A variety  of  pure  and  specially  doi>‘‘'-l  silver  halide  crystals 


have  been 

grown  for  various  studies. 

I'he  table  be 

low  shows  the 

1.1  i s t r i but 

ion  of  these  cryst.ils  (.luring 

1 dune  19  7(1- 

il  May  1977. 

Person 

1 list  i t ut  ij'n 

Crystal 

Dopant 

Biu’k,  R. 

UNtl,  Chemistry 

AgBr 

Ag,S 

tlain,  h. 

HNtl,  Physics 

Aj’Jjf 

Agl 

AgCl 

Agl 

Corish,  1 

On  i VIM'S  i ty  College 
Duhl i n , Repub  1 i c 

AgBr 

Cd 

of  Ireland 

Kachns,  R 

. Kastman  Kodak  ilo . 

AgBr 

None 

llolmberp, , 

C.  HNC,  Physics 

AgBr 

Ni  + 1 

AgBr 

Pb 

AgBr 

Ni  + Pb 

AgCl 

Ke  + Ni 

AgCl 

Ni  -f  Pb 

AgCl 

Pb 

AgCl 

Sn  (30  ppm) 

AgCl 

Sn  (400  ppm) 

AgCl 

Sn  (BOO  ppm) 

Horan,  S. 

UNC,  Physics 

AgBr 

t'.d  (UK)  ppm) 

AgBr 

Cd  (440  pimi) 

AgBr 

Ni 

AgBr 

Sr  (20  ppm) 

AgBr 

Sr  (30  ppm) 

AgBr 

None 

1 


IVtsoli  1 iisL  i L uL  ion  Crystal  DupaiU 

Nii’klow,  R.  Oak  Ridge  Natiuiial  AgKr  (2  of)  None 

Caborat  ory 

(2)  I’oia.ssiiim  Bromide 

Four  potassium  bromide  crystals  have  been  grown  by  Lite 
Czoi'lira  1 sk  i method  using  a rotation  rate  of  J rev/miit  and  a pull- 
ing rale  of  i cm/liour.  Kach  irystal  had  a mass  of  (i0-70  gms , a 

2 

lenglli  ol  10-12  <m  and  a cross  section  of  2 cm".  i'he  pure 

cf  Oals  nail  an  Oil  content  less  than  t ne  minimum  detection  limit 
-h 

ot  ll.b  X 10  mole  traction.  Ihese  crystals  were  grown  lor 
research  bv  the  );roup  headed  by  ,1.  Crawford. 
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Til  i n I’  i 1 m Fat'  i I i t v 

Supi.'i  V i sor  ; Farl  ’'i . Mili'lu'll 

I’rof ossor  of  Physirs 


S 1 1 ninuu"^’  I U K o i • 

This  fai'iliiv  pfovidi's  samplo  pri'parat  ion  farililios  tor  s’.i'n- 
I'ral  thin  film  work  in  the  di'p^ir  l-monLs  involvod  in  t ho  MFC  program. 

I'lii;;  facility  at  tho  present  time  ooiUains  tho  following 
major  i t onus  of  eqnipmont: 

(1)  Ono  Hilaohi  IIU  llA  oloctron  iiiio  rosoopt' , (2)  ITs'o  oonsoli- 
datod  dV-14  evaporation  facilities,  (1)  Ono  Ultok  12-inch  nllrahigli 
vaennni  evaporation  facility,  (4)  One  Vooco  Oa-4  gas  analyzer, 

(5)  Ono  OVF-14  ova|ioration  facility,  (6)  Ono  MICRO-IUTIC  iirecision 
wafering  maehiiU’,  (7)  Ono  Vooco  oloctron  beam  evaporation  faciiitv, 
(S)  Ono  Talvsurf  4 Surface  Profiler,  (S)  Ono  KAl  - .5  KW,  1 i.5b  Mliz 
RK  spilt  tor  in;',  power  supply. 

Instrumental  capabilities  are  available  for  tho  fabrication  and 
1,’va  1 uat  ion  ol  thin  films  of  most  inorganic  materials  that  can  bo 
made  by  avaporation  in  vacuum.  Films  (either  pel w rys t a 1 or  single 
irystal)  have  boon  made  by  evaporation  from  heated  boats  and  fila- 
ments or  hv  eli’ctron  bombardment  of  tho  source  material.  flie  most 
exiierience  has  been  accnnuilated  with  metal  films  (tin,  lead,  silver, 
gold,  nickel,  iron,  aluminum,  chromium  and  indium  tor  example)  but 
several  insulators  have  been  fabricated  (Snt),,  SiO,,  MgF , , and 
Pb(NOj),^  for  exam])le).  I’he  cap.ibilitv  of  fabricating  films  bv  RF 
sputtering  has  been  added.  ibis  unit  is  beinit  used  for  form  iiiytanic 
films  by  RF  po  1 ymer  i .nit  ion  and  to  form  thin  films  ol'  coiuiucting, 
gl asses . 

Spoiiniens  have  been  fabricated  on  a variety  of  substrates  t lioieth 
till'  metals,  alkali  halides,  glass,  quartz,  mica,  and  carbon  have  been 
used  most  frequently.  Specimens  of  thicknesses  ranging  from  .ihout 
SO  angstroms  to  200,000  angstroms  have  been  fabricati'd. 

Structural  evaluation  has  been  pi'rformed  usini;  electron  micros- 
copv,  electron  diffraction,  x-ray  diffraction  and  resistivity  mea- 
surements. Surface  quality  has  been  evaluated  using  multiple  beam 
interferometry,  ojJtical  microscope  techniques,  and  surface  profile 


1 
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I I rliii  i ijiii's  . S|UT  imi  i)  I li  i ckiu'ss  li;i-;  Ihi'k  Ji' U' rm  i lu'il  |i\  i i i I’l  : iviij-.h- 
inj',,  miillipU'  boam  i n ter  I'eronu't  ry , aiul  lairlan-  [iriilili'  miMauie- 
ments . 

V Many  difterent  I ilm  sLrueUires  lor  rt!Seareli  appl  ieal  ions  have 

been  fabr  ieal  ivl  of  a wide  variety  of  materials.  Some  of  tliem  ex- 
pressed in  terms  ol  funetion  are:  mirrors,  mu  Kat  taritels,  sptwi- 

mens  for  eliannel  inp  sLiulies,  <.[uart/.  transdueer  eli’otrodes,  experi- 
mental taniu'l  (.liodes,  minigrid  eleetroiles  for  e 1 tv  t roeliem  i .a  1 
studies,  coniluetion  electrodes  for  organic  films,  particle  detector 
electrodes,  tliffraction  grating  coatings,  Mossbauer  samples,  tliin 
films  for  elei.'tron  pbotoemiss  ion  studies  of  adulterated  surtaces, 
polymerii'  films  for  photovoltaic  studies,  evapoi'ated  t liermocoupl  es . 

This  past  year  considerable  effort  has  been  expended  in  making 
polymeric  films  of  tetramethylsilane  (TMS)  l>y  RK  polymerization  of 
the  monomer  in  a mixture  of  argon  and  the  monomer.  This  unit  has 
.also  been  used  to  prepare  prototype  samples  of  conducting  (NESA) 
g.lasses.  The  principal  local  interest  in  these  glasses  is  related 
to  surface  catalysis  stiulies  performed  in  tlie  Chemistry  Department. 

Other  specific  activities  which  have  occurred  tliis  past  year 
are  luiuine rated  below: 

I.  Klectrotle  [)reparat  i cui  for  superconduc  t i v i t y studies. 

. Films  of  lanthanium  copper  and  lanthanum  gold  for  stiper- 
conductivity  studies. 

1.  Mo,  I'e  and  Pb  isotope  targets  on  carboii  for  nuclear 
s tiul  i es  . 

4.  Preparation  and  evaluation  of  tin  oxide  glasses. 

5.  Vapor  plating  of  ion  cyclotron  resonance  cells  for 
mass  spectrometry  of  organic  molecules. 

b.  Consultant  to  chemists  on  preparation  of  clean  lithium 
f i I ms . 

7.  Shadow  casting  and  replication  for  electron  microscope 
studies  of  polymers. 

H.  Preparation  of  metal  halides  by  evaporation. 

9.  Electron  microscope  evaluation  of  silver  halide 
microcrystals. 
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10.  I'lv-iiuM-.U  iol.  of  Li  films  iisiii;’,  .1  iiiuulsLMi  .oil. 

11.  i;i  fot  roil  beam  proparal  ion  of  films  of  SiO,,  SnO  , , 
anil  Mo . 

17.  I’roparat  Lon  of  oxygen  eloped  AL  films. 

1 i.  Consn  1 la  L ion  on  Iho  preparation  ol  Al-I’b  tunnel 

jiiiu'tions  for  inclastie  electron  tunneling  studies 
of  organic  molecules. 


